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SEMICONDUCTOR DEVICES 


Transistors 
BFQ10 to OC36 
(including 2N types) 


MULLARD LTD., MULLARD HOUSE, TORRINGTON PLACE, 
LONDON, WC1E 7HD 
Telephone 01-580 6633 Telex: 264341 


DATA HANDBOOK SYSTEM 


The Mullard data handbook system is made up of three sets of books, each comprising 
several parts. 


The three sets of books, easily identifiable by the colours on their covers, are as follows: 


Book 1 (blue) Semiconductor devices and 
integrated circuits 


Book 2 (orange) Valves and tubes 


Book 3 (green) Passive components, materials, 
and assemblies. 


Each part is completely reviewed annually; revised and reprinted where necessary. Revisions 
to previous data are indicated by an arrow in the margin. 


The data contained in these books are as accurate and up to date as it is reasonably 
possible to make them at the time of going to press. It must however be understood that no 
guarantee can be given here regarding the availability of the various devices or that their 
specifications may not be changed before the next edition is published. 


The devices on which full data are given in these books are those around which we 
would recommend equipment to be designed. Where appropriate, other types no longer 
recommended for new equipment designs, but generally available for equipment 
production are listed separately with abridged data. Data sheets for these types may be 
obtained on request. Older devices on which data may still be obtained on request are 
also included in the index of the appropriate part of each book. 


Requests for information on the data handbook system and for individual data sheets should 
be made to 


Central Technical Services 
Mullard Limited 

New Road 

Mitcham 

Surrey CR4 4XY 


Telephone: 01-648 3471 Telex: 22194 


Information regarding price and availability of devices must be obtained from our 
authorised agents or from our representatives. 


SELECTION GUIDE 


1. SMALL/MEDIUM SIGNAL TRANSISTORS 
Germanium types 
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AC127| + * * * 
AC128 x] * * * 
AC176| % * * * 
AC187| * * * * 
AC188 *x| x * * 


P-N-P Silicon alloy types 
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SMALL/MEDIUM SIGNAL TRANSISTORS (cont.) 
N-P-N Silicon planar types 


Vee max P.oemax| Case 
(V) sages (mW) 


TO-18 
TO-18 
TO-18 
lock-fit 
lock-fit 
lock-fit 
TO-92 
TO-92 
TO-92 
pH min 
H min 
min 
p min 
p# min 
pH min 
p min 
lock-fit 
lock-fit 
lock-fit 
lock-fit 
TO-72 
TO-72 
lock-fit 
lock-fit 
lock-fit 
lock-fit 
TO-72 
TO-39 
TO-39 
TO-39 
TO-39 
T pack 
T pack 
Capstan 
Capstan 
T pack 
T pack 


+Also available to BS 9365-F112 


Switching 
Low Noise 


BC107+ 
BC108+ 
BC109+ 
BC147 
BC148 
BC149 
BC547 
BC548 
BC549 
BCW31R 
BCW32R 
BCW33R 
BCW71R 
BCW72R 
BCX19 
BCX20 
BCX31 
BCX32 
BCX33 
BCX34 
BF180 
BF181 
BF194 
BF195 
BF196 
BF197 
BF200 
BF336 
BF337 
BF338 
BF355 
BF362 
BF363 
BFR63 
BFR64 
BFR90 
BFR91 


SMALL/MEDIUM SIGNAL TRANSISTORS (cont.) 
N-P-N Silicon planar types (cont.) 
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SMALL/MEDIUM SIGNAL TRANSISTORS (cont.) 
P-N-P Silicon planar types 


r 


- 


+ Also available to BS9365-F009 


2| 2 Vee max 
ye 3 g\e\2 (V) 
* 15513) 2 si6]>20] 
Ooa;n\a 

BC157 * ke lock-fit 
BC158 * * * lock-fit 
BC159 * se * 300 | lock-fit 
BC327 * * 625 | Plastic 
BC328 oe * * 625 | Plastic 
BC557 * * 300 | TO-92 
BC558 * * * 300 | TO-92 
BC559 * x! * * 300 | TO-92 
BCW29R| * xl * * 200 min 
BCW30R| x! * * 200 | pmin 
BCW69R| x * * 200 p min 
BCW70R| * * * 200 | pmin 
BCX17 xix * * 310 p min 
BCX18 klix * * 310 p# min 
BCX35 * oe * 1000 | lock-fit 
BCX36 * * * 1000 | lock-fit 
BCX37 * * * 1000 | lock-fit 
BCY70+ | x |i klix * * 350 | TO-18 
BCY71+ * * * * 350 | TO-18 
BCY72+ ki ikix! * * 350 | TO-18 
BF324 * * * * 250 | TO-92 
BF450 *' * * * 250 | TO-92 
BF451 * * * * 250 | TO-92 

BFX29t xk ix * * 600 | TO-5 

* * 600 | TO-5 

xix * * 600 | TO-5 

xl * * * 600 | TO-5 
* * * 250 | TO-18 

kl * * | * 600 | TO-5 

klix * * 600 | TO-5 

xix * * 600 | TO-5 

* | * * * 600 | TO-5 
xl * * * 400 | TO-18 
*x |x * * 400 | TO-18 
*x |x * * 400 | TO-18 
xk ilk * * TO-18 


t Also available to BS9365-F010/F011 
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2. L.F./H.F. POWER TRANSISTORS 
Silicon types 


Switching 


‘eee max Hee 
H.F. ‘eee min | Pio max Case 
(W) 
>70| >30 


TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-3 
TO-3 
TO-3 
TO-3 
Plastic 
Plastic 
Plastic 
Plastic 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-3 
TO-3 
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L.F./H.F. POWER TRANSISTORS (cont.) 


Silicon types (cont.) 


Purpose 
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Switching 


ere Nee 
H.F. ere min ae Case 


3. R.F. POWER DEVICES 
N-P-N Transistors 


BLX13 Capstan 
BLX14 Stripline 
BLX65 TO-39 
BLX66 Capstan 
BLX67 Capstan 
BLX69 Capstan 
BLX91 Capstan 
BLX92 Capstan 
BLX93 Capstan 
BLX94 Capstan 
BLY33 TO-39 
BLY34 TO-39 
BLY35 TO-60 
BLY36 TO-60 
BLY53A Capstan 
BLY55 TO-60 
BLY83 Capstan 
BLY84 Capstan 
BLY85 Capstan 
BLY89A Capstan 
BLY90 Stripline 
BLY93A Capstan 
BLY94 Stripline 
BLY97 Capstan 
2N3375 TO-60 
2N3553 TO-60 
2N3632 TO-60 
2N3866 TO-39 
2N4427 TO-39 
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+ At 7OMHz t A.M. (Carrier) § At 100MHz 


Broad Band U.H.F. Amplifier Modules 


Frequency V. supply Po min at Pdr 
range 
(MHz) (V) (W) 


BGY22 380-512 
BGY22A 420-480 
BGY23 380-512 
BGY23A 420-480 


4. DARLINGTON TRANSISTORS 


BCX21 
BDX42 
BDX43 
BDX44 
BSS50 
BSS51 
BSS52 
BD262 
BD262A 
BD262B 
BD263 
BD263A 
BD263B 
BDX62 
BDX62A 
BDX62B 
BDX63 
BDX63A 
BDX63B 
BDX64 
BDX64A 
BDX64B 
BDX65 
BDX65A 
BDX65B 


Prop Max 
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117 
117 
117 
117 
117 


TO-39 
TO-126 
TO-126 
TO-126 
TO-39 
TO-39 
TO-39 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 


5. FIELD-EFFECT TRANSISTORS 
n-channel, depletion 


U.H.F.] Vpsmax]| Case 
(V) 


Junction 
gate 
Insulated 
gate 


BF245A 
BF245B 
BF245C 
BFQ10 
BFQ11 
BFQ12 
BFQ13 
BFa14 
! BFQ15 
BFQ16 
; BFR29 
BFR30 
BFR31 
BFS28 
BFW10 
BFW11 
BFWé1 
BSV78 
BSV79 
BSV80 
BSV81 
2N3823 
2N3966 
2N4091 
2N4092 
2N4093 
2N4391 
2N4392 
2N4393 
2N4856 
2N4857 
2N4858 
2N4859 
2N4860 
2N4861 
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6. MICROMINIATURE TRANSISTORS 


Low iad Re 
Noise iad eS (mW) 


* 
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BCW29R 
BCW30R 
BCW31R 
BCW32R 
BCW33R 
BCW69R 
BCW70R 
BCW71R 
BCW72R 
BCX17 
BCX18 
BCX19 
BCX20 
BFR30t 
BFR31f 
BFR92 
BFR93 
BFS17R 
BFS20R 
BFT25 
BSV52R 
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+Field effect transistors 
Vc eo Max= 5V 


GENERAL SECTION 
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SEMICONDUCTOR GENERAL EXPLANATORY 
DEVICES NOTES 


INDEX 


Section 1. Type Nomenclature 


This section explains the system of type nomenclature used for Mullard Semi- 
conductor devices showing the significance of each type letter or number. 


Sectionll. List of Symbols for Light Current Semiconductor Devices 
This section gives the main symbols used in quoting ratings and characteristics 
of Semiconductor Devices. 

Section ttl. Explanation of Handbook Data 

1. Form of issue. 


1.1 Types of data, Tentative Data, Final Data. 


1.2 Presentation of data—division into description, Quick Reference, Out- 
lines, Ratings, Characteristics, Application information, Environmental 
data, Curves. 


2. Ratings. 


2.1 Definition of the three Ratings System—Absolute Maximum, Design 
Centre, Design Maximum. 


3. Transistor Ratings. 


3.1 Transistor Voltage Ratings. 
Definitions of the main voltage ratings, Veg, Ves, Vce under various 
circuit and current conditions, showing their interdependence. Voltage 
ratings charts and permissible area of operation. 


3.2 Transistor Current Ratings. 
Definitions of the main current ratings, Ic, lc, Ig, under various con- 
ditions. 


3.3 Transistor Power Ratings. 
Definition of P.., maximum—distinction between steady state and 
pulse-—dependence on temperature—de-rating chart—heatsinks and 
thermal resistance considerations. 


3.4 Temperature Ratings. 
Definition of T;, Tmo» Tease - 


Section IV. Mounting and Soldering Recommendations 
1. Mounting of ‘Lockfit’ Transistors. 


1.1 Mounting on printed wiring boards. 
1.2 Soldering. 
Section V. Field Effect Transistors 


Section VI. Safe Operating ARea for power transistors 
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SEMICONDUCTOR TYPE 
DEVICES NOMENCLATURE 


Section 1 


Mullard semiconductor devices are registered by Pro Electron. 
The type nomenclature of a discrete device or, in certain cases, of a range of 
devices, consists of two letters followed by a serial number. The serial number 
may consist of three figures or of one letter and two figures depending on the 
main application of the device. 
The first letter indicates the semiconductor material used: 

A — germanium 

B —silicon 

C — compound materials such as gallium arsenide 

D — compound materials such as indium antimonide 

R — compound materials such as cadmium sulphide 


The second letter indicates the general function of the device: 
A — detection diode, high speed diode, mixer diode. 
B — variable capacitance diode 
C — transistor for a.f. applications (not power types) 
D — power transistor for a.f. applications 
E — tunnel diode 
F — transistor for r.f. applications (not power types) 
G — multiple of dissimilar devices; miscellaneous devices 
L — power transistor for r.f. applications 
N — photo-coupler 


P — radiation sensitive device such as photodiode, phototransistor, photo- 
conductive cell, or radiation detector diode 


Q— radiation generating device such as light-emitting diode 


R — controlling and switching device (e.g. thyristor) having a specified break- 
down characteristic (not power types) 


S — transistor for switching applications (not power types) 
T — controlling and switching power device (e.g. thyristor) having a specified 
breakdown characteristic 

U — power transistor for switching applications 

X — multiplier diode such as varactor or step recovery diode 

Y — rectifier diode, booster diode, effictency diode 

Z — voltage reference or voltage regulator diode, transient suppressor diode 
The remainder of the type number is a serial number indicating a particular 
design or development and is in one of the following two groups: 


(a) Devices intended primarily for use in consumer applications (radio and 
television receivers, audio amplifiers, tape recorders, domestic appliances, 
etc.). 

The serial number consists of three figures. 

(b) Devices intended mainly for applications other than (a), e.g. industrial, 
professional and transmitting equipments. 

The serial number consists of one letter (Z, Y, X, W, etc.) followed 
by two figures. 
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TYPE SEMICONDUCTOR 
NOMENCLATURE DEVICES 


Range Numbers 

Where there is a range of variants of a basic type of rectifier diode, thyristor or 
voltage regulator diode the type number as defined above is often used to identify 
the range; further letters and figures are added after a hyphen to identify indi- 
vidual types within the range. These additions are ‘as follows: 


Rectifier Diodes and Thyristors 


The group of figures indicates the rated repetitive peak reverse voltage, 
Varn, or the rated repetitive peak off-state voltage, Vprm, whichever value 
is lower, in volts for each type. 

The final letter R is used to denote a reverse polarity version (stud -anode) 
where applicable. The normal polarity version (stud cathode) has no special 
final letter. 


Voltage Regulator Diodes, Transient Suppression Diodes 
The first letter indicates the nominal percentage tolerance in the operating 


voltage Vz. 
A—i1% D—+10% 
B—i12% E—+15% 
C— +5% 


The letter is omitted on transient suppressor diodes. 


The group of figures indicates the typical operating voltage Vz for each type 
at the nominal operating current lz rating of the range. For transient suppressor 
diodes the figure indicates the maximum recommended standoff voltage Vr. 


The letter V is used to denote a decimal sign. 


The final letter R is used to denote a reverse polarity version (stud anode) 
where applicable. The normal polarity version (stud cathode) has no special 
final letter. 


Examples: 
BF362 Silicon r.f. transistor intended primarily for ‘consumer’ applica- 
tions. 
ACYI7 Germanium a.f. transistor primarily for ‘industrial’ applications. 


BTW24-800R Silicon thyristor for ‘industrial’ applications. In BTW24 range 
with 800V maximum repetitive peak voltage, reverse polarity, 
stud connected to anode. 


BZY88-C5V6 Silicon voltage regulator diode for ‘industrial’ applications. In 
BZY88 range with 5-6V operating voltage +.5% tolerance. 


RPY7I Photoconductive cell for ‘industrial’ applications. 


OLD SYSTEM 

Some earlier semiconductor diodes and transistors have type numbers consisting 
of two or three letters followed by a group of one, two or three figures. 

The first letter is always ‘O’, indicating a semiconductor device. 

The second (and third) letter(s) indicate the general class of device: 


A —diode or rectifier C —transistor 
AP — photodiode CP — phototransistor 
AZ — voltage regulator diode 


The group of figures is a serial number indicating a particular design or develop- 
ment. 
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SEMICONDUCTOR GENERAL EXPLANATORY 
DEVICES NOTES 


Section Il 
LIST OF SYMBOLS FOR SEMICONDUCTOR DEVICES 


These symbols are based on British Standard Specification No. 3363: 
“Letter Symbols for Semiconductor Devices.”” A full description of the 
system is contained in this publication. 


QUANTITY SYMBOLS 


Vv Voltage 
i} Current 
P Power 


ii 
vw subscripts instantaneous value of the varying component. 


) 


u with su bcp} 
Ps 
i 
L 


the r.m.s. value of the varying component, or 
V >with subscripts 
P 


with appropriate additional subscript the peak 
(m) or average (d.c.) (av) value of the varying 
J component, 


E } the no-signal (d.c.) value or, with the appropriate 


e 
b 
c 
E 
B ‘instantaneous total value. 
Cc 
e 
b 
c 


| 
vw subscripts additional subscripts the total average value (AV) 
P 


with signal or the total peak value (M). 


Collector current 


No signal with signal 


Examples: 
le d.c. emitter current no signal. 
le r.m.s. value of varying component of emitter current. 
ie Instantaneous value of varying component of emitter current. 
iz Instantaneous value of total emitter current. 


lgjav) Average (d.c.) value of total emitter current with signal applied. 
leav) Average (d.c.) value of the varying component of the emitter current. 
lem Peak value of the varying component of the emitter current. 

lem Peak value of the total emitter current. 
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GENERAL EXPLANATORY SEMICONDUCTOR 
NOTES DEVICES 


Subscripts for quantity sumbols 


A,a Anode terminal 


li Input 
AV, av Average J,j Junction 
B, b Base terminal K,k Cathode terminal 
BO Breakover M,m_ Peak value 
BR Breakdown O,o Open-circuit, output 
C,c Collector terminal, conversion, © Average value of overload 
capacitive R,r Resistive, reverse, repetitive 
D,d Delay, Off-state (i.e. non trigger) 5 § Short-circuit, series, shield, 
drain termina! Source 
E,e Emitter terminal T,t  On-state (i.e. triggered) 
Ef Forward W, w) Working 
, , X,x Specified circuit, reactive 
G,g Gate terminal Z,z Reference or regulator 
H,h Holding (i.e. Zener), impedance 


The letter O is used with three terminal devices as a third subscript only 
to denote that the terminal not indicated in the subscript is open-circuited. 


The letter S is also used with three terminal devices as a third subscript to 
denote that the terminal not indicated in the subscript is snorted to the 
reference terminal. 


Sequence of subscripts 
The first subscript denotes the terminal at which the current or terminal 
voltage is measured. 


The second subscript denotes the reference terminal or circuit mode that 
the current or terminal voltage is measured. 


Where the reference terminal or circuit is understood the second subscript 
may be omitted where its use is not required to preserve the meaning of 
the symbol. 


The supply voltage shall be indicated by repeating the terminal subscript. 
The reference terminal may then be designated by the third subscript. 
Examples Vez, Vcc, Vas, Veen 


In devices having more than one terminal of the same type, the terminal 
subscripts shall be modified by adding a number following the subscript 
and on the same line. 

Example B2 


In multiple unit devices the terminal subscripts shall be modified by a 
number preceding the terminal subscript. 


Example 2B 
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SEMICONDUCTOR GENERAL EXPLANATORY 
DEVICES NOTES 


Where ambiguity might arise the complete terminal designations shall be 
separated by hyphens or commas. 


Example Vici-ec1 


the voltage at the first collector of the first unit referred to the voltage 
at the first collector of the second unit. 

The first subscript in the matrix notation shall identify the element of the 
four pole matrix. 


i input 
° output 
f forward transfer 
r reverse transfer 
A second subscript may be used to identify the circuit configuration. 
e common emitter 
b common base 
c common collector 


Example Vie = hie, lie+hre.Voe 
When the common terminal is understood the second subscript may be 
omitted. 


Static value of parameters shall be indicated by the upper case (capital) 
subscripts. 
Example hiz, hip 


The four pole matrix parameters of the device are represented by lower 
case symbols with the appropriate subscripts 


hiv 
The four pole matrix parameters of external circuits and of circuits in which 


the device forms only a small part are represented by upper case symbols 
with the appropriate subscripts. 


Hi ’ Zo 


Symbols for the components of small-signal equivalent circuits used to 
represent devices are qualified by lower case symbols. 


To,» Fe, Ppp’ 


ELECTRICAL PARAMETERS Associated 
Device circuit 

Resistance r R 
Reactance x x 
Impedance z Z 
Admittance Y Y 
Conductance g G 
Susceptance b B 
Mutual inductance m M 
Inductance | L 
Capacitance c Cc 
Distortion D 

Frequency limits f max. 

f min 

Bandwidth Af 


Bandwidth (for associated circuits) 
Noise factor 


Za 
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GENERAL EXPLANATORY 


NOTES 


SEMICONDUCTOR 
DEVICES 


List of Symbols for Semiconductor Devices 


aot 
hre 
hrc 


hp (he1) 
ue (hei) 


j 
j 


hrE;sat) 


hrex 


diode capacitance (reverse bias) 

diode capacitance (forward bias) 

transistor input capacitance (grounded base) 
transistor input capacitance (grounded emitter) 
junction capacitance (of the intrinsic diode) 
diode capacitance (at breakdown voltage) 

diode capacitance (zero bias) 

transistor output capacitance (grounded base) 
transistor output capacitance (grounded emitter) 
parasitic (parallel) capacitance 

stray capacitance 

capacitance of the emitter depletion layer 
capacitance of the collector depletionlayer 
varactor diode cut-off frequency 

transistor cut-off frequency (the frequency at which the 


parameter indicated by the subscript is 0.7 times its low 
frequency value) 


frequency of unity current transfer ratio modulus 
maximum frequency of oscillations 
tunnel diode resistive cut-off frequency 


transition frequency (common emitter gain-bandwidth 
product) 


tunnel diode negative conductance (of the intrinsic diode) 
small signal power gain 
large signal power gain 


the static value of the input resistance with the output voltage 
held constant 


The small-signal value of the input impedance with the output 
short-circuited to alternating current 


The static value of the reverse voltage transfer ratio with the 
input current held constant 


The small-signal value of the reverse voltage transfer ratio 
with the output voltage held constant 


The static value of the forward current transfer ratio with the 
output voltage held constant 


The small-signal forward current transfer ratio with the 
output short-circuited to alternating current 


The static value of the output conductance with the input 
current held constant 


The small-signal value of the output admittance with the 
input open-circuited to alternating current 

transient forward current transfer ratio in saturation 
Ic-lcno 


inherent forward current transfer ratio = ———_ 
Ip+!cBo 
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SEMICONDUCTOR 


DEVICES 


In, lc, lz 


GENERAL EXPLANATORY 
NOTES 


total d.c. current 


Ipcavy levavy lecav) average (d.c.) value of total current 


Ipnx 
\pex, loex 


Inm, low, lew 
Ins de, le 

lom , lom ’ lem 
in, ics ig 
ip, ics ie 
Ino) 

Icno 

fons. lors 
lonx 


lego 
IcER 


Ip 


leno 
leBx 


Ip 

ip 
levAv) 
Ira 
Irom 
teu 
lwovy + leo 
lrrM 
lesm 
lap 
lor 
lic 

I. 

lo 
lors 
Ip 
Ip/lv 
Ir 

in 
Ire 
InRM 
IRsw 
ls 

lp 
In(ov) 
Inavy 
loRM 
lrsm 


base current (with both junctions reverse biased) 

base (respectively collector) cut off current in a specified 
circuit 

peak value of total current 

r.m.s. value of varying component of current 

peak value of varying component of current 
instantaneous total value of current 

instantaneous value of varying component of current 
thyristor breakover current (d.c.) 

collector cut-off current (emitter open-circuited) 
collector cut-off current (emitter short-circuited to base) 


collector current with both junctions reverse biased with 
respect to base 


collector cut-off current (base open-circuit) 
collector cut-off current (with specified resistance between 
base and emitter) 


thyristor continuous (d.c.) off-state current, field effect 
transistor drain current 


emitter cut-off current (collector open-circuit) 


emitter current with both junctions reverse biased with 
respect to base 


D.C. forward current 

instantaneous forward current 

average forward current 

thyristor forward gate current 

thyristor peak forward gate current 

peak forward current 

overload mean forward current 

repetitive peak forward current 

surge (non-repetitive) forward current 
thyristor gate non-trigger current 
thyristor gate trigger current 

thyristor gate turn-off current 

thyristor holding current (d.c.) 

thyristor latching current 

average output current 

repetitive peak output current 

tunnel diode peak point current 

tunnel diode peak to valley point current ratio 
continuous (d.c.) reverse leakage current 
instantaneous reverse leakage current 
thyristor reverse gate current 

repetitive peak reverse current 
non-repetitive peak reverse current 
source current 

thyristor continuous (d.c.) on-state current 
thyristor overload mean on-state current 
thyristor average on-state current 
thyristor repetitive peak on-state current 
thyristor non-repetitive peak on-state current 
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ly 
Iz 


Izcav) 
lzm 


DEVICES 


tunnel diode valley point current 

voltage regulator (zener) diode continuous (d.c.) operating 
current 

voltage regulator (zener) diode average operating current 
voltage regulator (zener) diode peak current 
conversion loss 

series inductance 

flicker noise 

noise figure at intermediate frequency 

overall noise figure 

noise temperature ratio 

thyristor average gate power 

thyristor peak gate power 

total power dissipated within the device 

recovered (stored) charge 

extrinsic base resistance 

source resistance 

series resistance 

thermal resistance 

voltage regulator (zener) diode differential resistance 
tangential signal sensitivity 

voltage regulator (zener) diode temperature coefficient of the 
operating voltage 

ambient temperature 

case temperature 

junction temperature 

mounting base temperature 

storage temperature 

delay time 

fall time 

forward recovery time 

thyristor gate controlled turn-on time 

thyristor gate controlled turn-off time 

pulse duration 

thyristor circuit-commutated turn-off time 

turn-on time 

turn-off time 

rise time 

reverse recovery time 

storage time 

thermal resistance of heat sink 

contact thermal resistance 

thermal resistance junction to ambient 

thermal resistance junction to case 

thermal resistance junction to mounting base 
collector time coefficient of a switching transistor 
carrier storage time coefficient of a switching transistor 
fall time factor 

rise time factor 
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VBE(sat) 
V(Bo) 
Visr) 

Vi BR)CBO 
ViBRycas 


V(BR)CEO 
Vi BR)CER 


V(BR)cES 
ViBR)CEX 


ViBR)ERO 
Vipryr 
Ves 


Vcx(knee) 
VoK(sat) 
Vcx(sust) 
Vp 

Voc 
Vp 
VpRM 
Vps 
Vpsm 
Vowm 


NOTES 


base-emitter saturation voltage 

thyristor breakover voltage 

breakdown voltage 

breakdown voltage collector to base (emitter open-circuited) 
breakdown voltage collector to base (emitter and base short- 
circuited) 

breakdown voltage collector to emitter (base open circuited) 


breakdown voltage collector to emitter (with specified 
resistance between base and emitter) 


breakdown voltage collector to emitter (emitter and base- 
short-circuited) 


breakdown voltage collector to emitter (with specified 
circuit between base and emitter) 


breakdown voltage emitter to base (collector open-circuited) 
reverse breakdown voltage 

collector-base voltage (d.c.) 

collector-base voltage (with emitter open-circuited) 
collector-base floating potential 

collector supply voltage (d.c.) 

collector to emitter voltage (d.c.) 

collector to emitter voltage (with base open-circuited) 
collector to emitter r.m.s. voltage 

collector knee voltage, 

collector to emitter saturation voltage 

collector to emitter sustaining voltage 

thyristor continuous (d.c.) off-state voltage 

drain to gate voltage 

thyristor peak off-state voltage 

thyristor repetitive peak off-state voltage 

drain to source voltage 

thyristor non-repetitive off-state voltage 

thyristor crest (peak) working off-state voltage 
emitter-base voltage (d.c.) 

emitter-base voltage (with collector open circuited) 
emitter-base r.m.s. voltage 

emitter-base floating potential 

emitter-collector floating potential 

D.C. forward voltage 

instantaneous total value of the forward voltage 
thyristor forward gate voltage 

thyristor peak forward gate voltage 

signal diode forward recovery voltage 

gate to substrate voltage 

thyristor gate non-trigger voltage 

gate to source voltage 

thyristor gate trigger voltage 

input voltage 

repetitive peak input voltage 

non-repetitive peak input voltage 

crest working input voltage 

output voltage 
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Vp peak point voltage 
Vpp projected peak point voltage 
VR D.C. reverse voltage 
VR instantaneous total value of the reverse voltage 
Vre thyristor reverse gate voltage 
Vrom thyristor peak reverse gate voltage 
VrM peak reverse voltage 
VRRM repetitive peak reverse voltage 
Vrsm non-repetitive peak reverse voltage 
VrwM crest (peak) working reverse voltage 
Ve thyristor continuous (d.c.) on-state voltage 
Vr(r0) thyristor threshold voltage 
Vy valley point voltage 
Vz voltage regulator (zener) diode operating voltage 
Zit intermediate frequency impedance 
Ly video impedance 


y-parameters 


Common Common 


base emitter 
Yin (yx) yie (y’11) Input admittance 
giv (g11) Bie (g’11) Input conductance . Output 
Cip (C11) Cie (€’11) Input capacitance short-circuited 
din Gie Phase angle of input admittance 
Yoo (y22) Yoe (y’22) Output admittance 
Zon (g22) Boe (g’22) Output conductance Input 
Cops (C22) Coes (C’22) Output capacitance short-circuited 


lytol(ly2z|) — lytel(ly’22|). Transfer admittance 


Ztp Ze Transfer conductance Output 

Ctb Cte Transfer capacitance short-circuited 
orp ($21) ote (6’21) Phase angle of transfer admittance 

lyrp| (y12) —|yrel {y’12) - Feedback admittance 

2rb Zre Feedback conductance Input 

Crb Cre Feedback capacitance here circuited 
orp ($12) bre (’12) Phase angle of feedback admittance 


\ 
| 
Sop Qoe Phase angle of output admittance \ne 
} 
J 
| 
5 


Scattering parameters 
In distinction to the conventional h, y and z parameters, s-parameters relate to 
travelling wave conditions. The figure below shows a two-port network with 
the incident and reflected travelling wave quantities a,, b;, a2 and bz, which 
are square roots of power. 
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eke 3s : Via? 
a,? = the power incident at the input (= . ) 


Bone Vv 
a2? = the power incident at the output (= i2 ) 


b,? = the power reflected from (or generated at) the input (= x ) 


V, 
b2? = the power reflected from (or generated at) the output (= 3) 
oO 


Z, =the characteristic impedance of the transmission line in which 
the two-port is connected 


V,; = incident voltage 


V, = reflected (generated) voltage 


The four-pole equations for s-parameters are: 


by = $148,+S, 2am 
bo = S214, +S22a2 


Using the subscripts i for 11, o for 22, f for 21 and r for 12, it follows that 


s, =5 Bt 

i aM ay a2=0 
bz 

S| = S21= — 

f at 5 as =O 
ba 

So = S22 = — 

‘0 22 J la,=0 

Sg es 

ir 12 ap a,=0 


a, can be made zero by terminating the input side with Z, = Z, (no input power 
and no reflection from the source). 


a2 can be made zero by terminating the output side with Z, = Z, (no reflection 
from the load). 
b Via. . . . see F 
Because 5 = ve it can be seen that s; is the input reflection coefficient; in the 
1 i1 
same way §, is the output reflection coefficient. 
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The s-parameters can be named and expressed as follows: 


S$; = $11 = Input reflection coefficient (for the given characteristic impedance) 
— Ratio between the square root of the power reflected from the 
input and the square root of the power incident at the input, output 
terminated with the characteristic impedance. 


S; = S21 = Forward transmission coefficient (for the given characteristic 
impedance) -- Ratio between the square root of the power 
generated at the output and the square root of the power incident 
at the input, output terminated with the characteristic impedance. . 


So = $22 — Output reflection coefficient (for the given characteristic imped- 
ance) — Ratio between the square root of the power reflected from 
the output and the square root of the power incident at the output, 
input terminated with the characteristic impedance. 


S, = S:2 = Reverse transmission coefficient (for the given characteristic 


impedance) — Ratio between the square root of the power 
generated at the input and the square root of the power incident 
at the output, input terminated with the characteristic impedance. 
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1.2 


Section HI. Explanation of Handbook Data 


FORM OF ISSUE 


The semiconductor data published in the Handbook follows the same 
pattern, as much as possible, concerning, (a) the forms of issue, (b) the 
ratings system and (c) the ratings presentation. 


Types of Data 
The Handbook data is published either as tentative or final data. 


Tentative Data 

Tentative data aims at providing information on new devices as early as 
possible to allow the customer to proceed with circuit design. The tentative 
data may not include ali the characteristics or ratings which will be 
incorporated fater in the final data and some of the numerical values 
quoted may be slightly adjusted later on. 


Final Data 

The transfer from tentative data to final data involves the addition of those 
numerical values and curves which were not available at tentative data 
stage and small adjustments to those values already quoted in tentative data. 
Reissue of final data may be made from time to time to incorporate 
additional information resulting from prolonged production experience 
or to meet new applications. 


Presentation of Data 
ae information on the published data sheets is presented in the following 
‘orm: 
—description of basic application and physical characteristics of the 
device. 
—dquick reference data giving the most important ratings and 
characteristics. 
—outline and dimensions. Reference to standard outline nomenclature 
if applicable and lead connections. 
—Ratings. Voltage, current, power and thermal ratings. 
—Characteristics. 
—Application information or operating conditions. 
—Mechanical and environmental data if applicable. 
—Charts showing ratings and characteristics. 


RATINGS 


A rating is a limiting condition of usage specified for a device by the 
manufacturer, beyond which the serviceability may be impaired. 


A rating system is a set of principles upon which ratings are established 
and which determines their interpretation. There are three systems which 
have been internationally accepted and which allocate responsibility 
between the device manufacturer and the circuit designer differently. 
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Rating Systems 


Unless otherwise stated the ratings given in semiconductor data sheets 
follow the absolute maximum rating system. 

The definitions of the three systems accepted by the International Electro- 
technical Commission are as follows: 


ABSOLUTE MAXIMUM RATING SYSTEM 


Absolute maximum ratings are limiting values of operating and environ- 
mental conditions applicable to any device of a specified type as defined 
by the published data, and should not be exceeded under the worst 
probable conditions. 


These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking no responsibility for variations in equip- 
ment or environment, and the effects of changes in operating conditions 
due to variations in the characteristics of the device under consideration 
and of all other devices in the equipment. 


The equipment manufacturer should design so that initially and throughout 
life no absolute maximum value for the intended service is exceeded with 
any device under the worst probable operating conditions with respect 
to variations in supply voltage, environment, equipment components, 
equipment controt adjustment, load, signal or characteristics of the device 
under consideration and of all other devices in the equipment. 


DESIGN-CENTRE RATING SYSTEM 


Design-centre ratings are limiting values of operating and environmental 
conditions applicable to a bogey device of a specified type as defined by 
its published data, and should not be exceeded under normal conditions. 
These values are chosen by the device manufacturer to provide acceptable 
serviceability cf the device in average applications, taking responsibility 
for normal changes in operating conditions due to variations in supply 
voltage, environment, equipment components, equipment control adjust- 
ment, load, signal or characteristics of all other devices in the equipment. 
The equipment manufacturer should design so that initially no design- 
centre value for the intended service is exceeded with a bogey device in 
equipment operating at the stated normal supply voltage. 


DESIGN-MAXIMUM RATING SYSTEM 


Design-maximum ratings are limiting values of operating and environ- 
mental conditions applicable to a bogey device of a specified type as 
defined by its published data, and should not be exceeded under the 
worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking responsibility for the effects of changes 
in operating conditions due to variations in the characteristics of the 
device under consideration. 


The equipment manufacturer should design so that initially and throughout 
life no design-maximum value for the intended service is exceeded with a 
bogey device under the worst probable operating conditions with respect 
to variations in supply voltage, environment, equipment components, 
equipment control adjustment, load, signal or characteristics of the device 
under consideration and of all other devices in the equipment. 
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Transistor ratings 


The ratings are presented as voltage, current, power and temperature 
ratings. The list of these ratings and their definitions is given as follows: 


Transistor voltage ratings 
Collector to base voltage ratings 


Vcp max The maximum permissible instantaneous voltage 
between collector and base terminals. The collector 
voltage is negative with respect to base in PNP 
transistors and positive w.r.t. base in NPN types. 


Von max (lz = 0) The maximum permissible instantaneous voltage 
between collector and base terminals, when the 
emitter terminal is open circuited. 


Emitter to base voltage ratings 


VER max The maximum permissible instantaneous reverse 
voltage between emitter and base terminal. The 
emitter voltage is negative w.r.t. base for PNP 
transistor and positive w.r.t. base for NPN types. 


Ves max (Ic = 0) The maximum permissible instantaneous reverse 
voltage between emitter and base terminals when 
the collector terminal is open circuited. 


Collector to emitter voltage ratings 


Vcr max The maximum permissible instantaneous voltage 
between collector and emitter terminals. The 
collector voltage is negative w.r.t. emitter in PNP 
transistors and positive w.r.t. emitter in NPN types. 
This rating is very dependent on circuit conditions 
and collector current and it is necessary to refer 
to the curve of Vcr versus Ic for the appropriate 
circuit condition in order to obtain the correct 
rating 


Vor max (Cut-off) The maximum permissible instantaneous voltage 
between collector and emitter terminals when the 
emitter current is reduced to zero by means of a 
reverse emitter base voltage, i.e. the base voltage 
is normally positive w.r.t. emitter for PNP transistor 
and negative w.r.t. emitter for NPN types. 


NOTE: The term “cut-off” is sometimes replaced by Vir > x volts, or 
Rp 
Re 
be cut-off. 


, <y which are equivalent conditions under which the device may 
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Vex max (lc = x mA) The maximum permissible instantaneous voltage 
between collector and emitter terminals when the 
collector current is at a high value, often the max. 
rated value. 


Vor max (Ip = 0) The maximum permissible instantaneous voltage 
between collector and emitter terminals when the 
base terminal is open circuited or when a very high 
resistance is in series with the base terminal. 
Special care must be taken to ensure that thermal 
runaway due to excessive collector leakage current 
does not occur in this condition. 


Due to the current dependency of Vcx it is usual to present this information 
as a voltage rating chart which is a curve of collector current versus 
collector to emitter voltage (see Fig. 1). 

This curve is divided into two areas: 


A permissible area of operation under all conditions of base drive provided 
the dissipation rating is not exceeded (area 1) and an area where operation 
is allowable under certain specified conditions (area 2). 

To assist in determining the rating in this second area, further curves are 
provided relating the voltage rating to external circuit conditions, for 


example: 
R V 
a Ry, Zag, Vase, lp or oa 


An example of this type of curve is given in Fig. 2 as Vc versus 7 for 


two different values of collector current. 


Fig1 Fig.2 


It should be noted that when Rg is shunted by a capacitor, the collector 
voltage Vox during switching must be restricted to a value which does 
not rely on the effect of Re. 
In the case of an inductive load and when an energy rating is given, it may 
be permissible to operate outside the rated area provided the specified 
energy rating is not exceeded. 
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Transistor Current Ratings 


Collector current ratings 


Io max 


levavy max 


lom 


The maximum permissible collector current. 
Without further qualification, the de value is 
implied. 

The maximum permissible average value of the total 
collector current. 


The maximum permissible instantaneous value of 
the total collector current. 


Emitter current ratings 


Iz max 
levav) max 


IpR(av) max 


lnm 


lerm 


Base current ratings 
lp max 


IBcavy max 


Ipncavy) max 


Isat 


Ipre 


The maximum permissible emitter current. Without 
further qualification, the dc value is implied. 


The maximum permissible average value of the total 
emitter current. 


The maximum permissible average value of the total 
emitter current when operating in the reverse 
emitter-base breakdown region. 


The maximum permissible instantaneous value of 
the total emitter current. 


The maximum permissible instantaneous value of 
the total reverse emitter current allowable in 
the reverse breakdown region. 


The maximum permissible base current (without 
further qualification, the de value is implied). 


The maximum permissible average value of the total 
base current. 


The maximum permissible average value of the total 
reverse base current allowable in the reverse 
breakdown region. 


The maximum permissible instantaneous value of the 
total base current. The rating also includes the 
switch off current. 


The maximum permissible instantaneous value of 
the total reverse current allowable in the reverse 
breakdown region. 
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3.3 


Transistor Power Ratings 
Piot max: The total maximum permissible continuous power dissipation 
in the transistor and includes both the collector-base dissipation and the 
emitter-base dissipation. Under steady state conditions the total power is 
given by the expression: 

Prot = Vor x le+ Vex by 


In order to distinguish between “‘steady state’? and “pulse” conditions 
the terms ‘‘steady state power (Ps)”’ and “‘pulse power (Pp)” are often used. 
The permissible total power dissipation is dependent upon temperature 
and its relationship is shown by means of a chart as shown in figure 3. 


4 
Prot 


Temperature 
Fig.3 


The temperature may be ambient, case or mounting base temperatures. 
Where a cooling clip or a heatsink is attached to the device, the allowable 
power dissipation is also dependent on the efficiency of the heatsink. 

The efficiency of this clip or heatsink is measured in terms of its thermal 
resistance (0) normally expressed in degrees centigrade per watt 
(deg. C/W). For mounting base rated device, the added effect of the 
contact resistance (6;) must be taken into account. 

The effect of heatsinks of various thermal resistance and contact resistance 
is often included in the above chart. 

Thus for any heatsink of known thermal resistance and any given ambient 
temperature, the maximum permissible power dissipation can be estab- 
lished. Alternatively, knowing the power dissipation which will occur 
and the ambient temperature, the necessary heatsink thermal resistance 
can be calculated. 

A general expression from which the total permissible steady state power 
dissipation can be calculated is: 


Tj-Tamb 

6j-amb 

where 6j-amp is the thermal resistance from the transistor junction to the 
ambient. For case rated or mounting base rated devices, the thermal 
resistance 0;-amp is made up of the thermal resistance junction to case 
or mounting base (8-mn), the contact thermal resistance (8) and the 
heatsink thermal resistance (9p). 


Prot = 
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For the calculation of pulse power operation Pp, the maximum pulse 
power is obtained by the aid of a chart as shown in figure 4. 


fe hee 


d(duty cycle) = + 


Pulse width 


Fig.4 


the general expression from which the maximum pulse power dissipation 
can be calculated is: 
Tj-Tamp—Ps x 0j-amp 

61+d(Ocase—amv) 
where 6; and d are given in the above chart and Ocase-amp is the thermal 
resistance between case and ambient for case rated device. For mounting 
base rated device, it is equal to 8n+ 6; and is zero for free air rated device 
because the effect of the temperature rise of the case over the ambient 
for a pulse train is already included in 6 . 


Py = 


3.4 Temperature Ratings 
T; max The maximum permissible junction temperature 
which is used as the basis for the calculation of 
power ratings. Unless otherwise stated, the con- 
tinuous value is implied. 
Tj max (continuous The maximum permissible continuous value. 


operation) 

Tj max (intermittent The maximum permissible instantaneous junction 

operation) temperature usually allowed for a total duration of 
200 hours. 

Tmo The temperature of the surface making contact with 
a heatsink. This is confined to devices where a 
flange or stud for fixing onto a heatsink forms an 
integral part of the envelope. 

Tease The temperature of the envelope. This is confined 


to. devices to which may be attached a clip-on 
cooling fin. 
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Section !1V. Mounting and Soldering Recommendations 
1. MOUNTING OF “LOCKFIT’ TRANSISTORS 


1.1. Mounting on printed-wiring boards 


The “Lockfit’’ encapsulation is usable with printed-wiring boards having 
either the standard e-grid or the more closely spaced e-grid. The relevant 
dimensions of these boards are given in Table 1. 


TABLE 1 
Dimensions of Printed-wiring Boards 
ee in 
Hole Maximum 
Board Grid diameter board 
thickness 
e-board 2:54mm 1-05+0-05mm 1-7mm 
(O-1in) (up to 1-30mm allowable) 
—-——_| 
e-board 0-635mm 0-80+0-03mm 1-1mm 
(0-025in) | 


The pins of “Lockfit’ transistors each have three enlargements along 
their length, as shown in Fig. 1. At the tip is a spade-shaped (lock ‘B’): 
partway up is a tapered cross-piece (lock ‘A’) that projects further teft 
and right than lock ‘B’; and nearest to the body of the assembly is 
another cross-piece (lock ‘C’) that extends even further left and right 
than lock ‘A’. 


Hole spacing in either type of grid allows the insertion of the “Lockfit’ 

pins; but as the holes of the closely spaced e-grid are necessarily of 

smaller diameter than those of the other grid, the pins cannot be (or 

should not be) pushed in beyond the middle expansion — lock ‘A’. Thus 

the functions of the three locks are as indicated in Fig. 1a for e-grid 

boards and Fig. 1b for e-grid boards. 
Ty 


Lock C ~—-— Lock C 


7 5. [pee A Sy lock A 
i, aN pee 
‘e' grid Lock B € grid Lock B 
board board 


(a) (b) D5536 


Fig. 1 — Detail of “Lockfit” pins, and function of three “locks” when used with 
(a) e-grid and (b} ¢-grid printed-wiring boards 
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1.1.1 Mounting procedure with e-grid boards 

The best insertion procedure with the e-(2-54mm) grid is as follows: 
(1) Place the rear two pins into their corresponding printed-circuit board 
holes with the transistor at a slight angle to the vertical (Fig. 2a). 

(2) Place the centre pin into the remaining hole by light pressure at a 
slight angle to the vertical on the device. Continue this light pressure 
until both the ‘A’ locks of the rear two leads are inside the holes (Fig. 2b). 
(3) Tilt the device with light pressure from the rear until it is in a vertical 
position. Lock ‘A‘ of the centre lead will now enter the hole (Fig. 2c). 
(4) Move the device perpendicularly downwards with light pressure until 
all three ‘A’ locks snap into position beneath the printed-wiring board, 
and the ‘C’ locks rest on the upper side of the board (Fig. 2d.) 


Rear Rear 


(a) (b) 


Rear Rear 
Lock A Lock C Lock C 
Lock A Lock A 
Lock B ~~~ Lock B 


(c) (d) 


Fig. 2 ~ Mounting procedure for ''Lockfit’' transistors using e-grid printed-wiring 
boards ; procedure is similar for e-grid boards 
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1.1.2 Mounting prodedure with <-grid boards 


1.2 


The best insertion procedure with the <-(0-635mm) grid is as follows: 
(1) Place the rear two pins into their corresponding printed-circuit board 
holes with the transistor at a slight angle to the vertical. 

(2) Place the centre pin into the remaining hole by light pressure at a 
slight angle to the vertical on the device. Continue this light pressure 
until both the ‘B' locks of the rear two leads are inside the holes. 

(3) Tilt the device with light pressure from the rear until it is in a vertical 
position. Lock ‘B' of the centre lead will now enter the hole. 

(4) Move the device perpendicularly downwards with light pressure until 
all three ‘B’ locks snap into position beneath the printed-wiring board, 
and the ‘A’ locks rest on the upper side of the board. 

No attempt should be made to force lock ‘A’ through this type of board. 


Soldering 


For both boards, the temperature should not exceed 300°C and the 
application time should not exceed 3 seconds. 
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1. 


INTRODUCTION TO TECHNICAL DATA 


LEAD DESIGNATIONS 
Source S, s. Drain D, d. Gate G, g. Substrate B, b. 


. SEQUENCE OF SUBSCRIPTS 


The first subscript denotes the terminal at which the current or voltage is 
measured. 


Where the reference terminal or circuit is understood, the second subscript 
may be omitted where its use is not required to preserve the meaning of 
the symbol. 


The letter O is used with three terminal devices as a third subscript only to 
denote that the terminal not indicated in the subscript is open circuited. 
The letter S is used as a third subscript to denote that the terminal not 
indicated in the subscript is short circuited to the reference terminal. 
The letter X is used as a third subscript to denote measurements taken 
under specified circuit conditions. 


2.1 Quantity Symbols 


V — Voltage 
| — Current 
P — Power 


with subscripts instantaneous value of varying component 


with subscripts instantaneous total value 

the r.m.s. value of the varying component or 
with appropriate subscript the peak (m) average 
(d.c.) (av) value of the varying component 

the no-signal (d.c.) value of or with the 
appropriate additional subscripts the total 
average value (AV) with signal or the total peak 
value (M) 


with subscripts 


with subscripts 


QAnNvoa*®*AQwnoe va 


UV VS TE < oo eS 


The letter symbol usually indicates by two subscripts the two reference 
terminals. The first subscript indicates the terminal which is positive with 
respect to the second subscript. 
eg. 

Vps = 6V: Drain is 6V positive w.r.t. Source 


Vps == —6V: Drain is 6V negative w.rt. Source 
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Reversal of the subscripts also changes the polarity sign 
For example the following statements are identical 
Vps = —6V; Vsp = 6V; —Vps = 6V 
The supply voltage shall be indicated by repeating the terminal subscript. 
The reference terminal may then be designated by the third subscript. 


Examples Vpp, Vss, Vssp 


2.3 Current 
Conventionally, current which flows into the transistor terminals has a 
positive value. 


e.g. Ip = ImA means 1mA flowing into the drain terminal 
(in the conventional sense) 


ls = —1mA means 1mA flowing out of the source terminal 
(in the conventional sense) 


No t 
signal With signa! —————_______» D113 


Examples 
Ip d.c. drain current—no signal 
Ipcav) Average (d.c.) value of total drain current with signal applied 
Ipat Peak value of total drain current 


Ip(¢ras) Root-mean-square value of total drain current 

ip Instantaneous value of total drain current 

lam Peak value of the varying component of the drain current 
lagms) Root-mean-square value of varying component of drain current 
ld Instantaneous value of varying component of the drain current 


The following are examples of the implied relationship 


Ipw -< daravytdam: ip = loaves ia? Iperasy = Wlocavi2 + lags,” 
To avoid any misunderstanding with maximum or minimum values the 
negative sign is always put in front of the letter symbol and not in front 
of the value given. 
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For example in quoting a limit value 
—ls max = 50mA 


and in quoting a spread value 
--Veres) < 1:5V 

In devices having more than one terminal of the same type the terminal 
subscripts shall be modified by adding one number following the subscript 
and on the same line. 
Examples: 

Vais, Vegas, refers to a dual gate MOS device 

|Vaisi ~Vaesel refers to a matched pair of junction FET’s 
where the gate-source voltage of the first device is referred to the gate- 
source voltage of the second device, as a modulus of their difference 
over a given temperature range. 


2.4 The first subscript in the matrix notation identifies the element of the 
four pole matrix. 


i — input 
o — output 
f — forward transfer 
r — reverse transfer. 
A second subscript may be used to identify the circuit configuration. 


— common drain 
— common source 
— common gate 


ava 


Examples 


Cis Cos Crs 
Input, output and reverse feedback capacitances in common source 
configuration. 


3. TYPES OF FIELD EFFECT TRANSISTORS 
3.1 Junction gate Field effect transistors 


N-channel-junction FET 
‘(Vpies) < 0, Ipss > 0) 


Ip 


I 
D DSS 
G Ss 


-V6s 


-VP(GS) 
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P-channel-junction FET 
(Vacs) = 9, Inss <0) 


-Ip 


3.2 Insulated gateM.O.S. field effect transistors 


Vv 
N-channel-M.0.S.-FET(depletion mode) PAGS) 
(Vries) < 0, Inss >. 0) 
Ip 
D 
B 
G s 
Ves 
N-channel-M.0.S.-FET (enhancement mode) 


(Verges) = O Ipss © 0) 


Ip 
D 
B 
G Ss 
Ves 


89806 
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P-channel-M.0.S.FET (enhancement mode) 


(Vics) < 9 Ipss * 0) 


D 

B 

G S 
‘ VGs: 


4. BASIC CIRCUITS CONFIGURATIONS 


Ss D 
D G S 
Output Input 
G 
Ss Input D] Output 
Tnput G 


Output 
Grounded-source Grounded-drain Grounded-gate 
The source is The drain is The gate is 
common to input common to input common to input 
and output and output and output 


An additional subscript s, d or g may be used to identify the circuit 
configuration 


Example Cis is input capacitance with grounded source 


5. CHARACTERISTICS 


The characteristics are given in data sheets as either typical valyes 
and/or minimum and maximum values. Published curves are usually 
typical curves and are applicable only at the stated temperature. 
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5.1 


Ip (mA) 


Cut-off Voltage (Viias)) 


The cut-off voltage Vrics) is the 
gate-source voltage for a given 
small value of drain current Ip at a 
stated drain source voltage Vps 


TEST CIRCUIT FOR Vp(cs) 


§.2 Drain-source short circuit 


current (Ipss) 


The drain-source short circuit 
current I(pss) is the current flowing 
between drain and source with the 
gate short-circuited to the source 
(Vcs = O) and at a stated drain- 
source voltage (Vps) 


TEST CIRCUIT FOR lpss 


Knee voltage 
Vps(sat) 


FIELD: EFFECT 
TRANSISTORS 


Voss 

Note: this is the 
breakdown voltage 
of the device and 
operation in this 
region is not 
recommended. 


Mullard 


— 
VpsV) 


[B9803} 


B9810 


=— Ipss 


89811 


FIELD EFFECT 
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5.3 Leakage currents 


GENERAL EXPLANATORY 


NOTES 


*GSS, 
+ 
- Vv 
a Yes DS 
B9812 89813 
Gate-source leakage/current Drain-source leakage current 
lass Ips 
(enhancement mode device) 
—— Ipsv ~—~tspv 
+ iV) Vv. + 
j Vee of GS SOF 
+ 
69614 BOB'S 
Drain-source leakage current Source-drain leakage current 
Ipsv, at specified Vps and Vas Ispv with specified Vsp and Ves 
and grounded source with grounded drain 
——!psBs 
«—Isas 
+ 
V 
OB F_ 
Vsp a 
89816 89817 
Drain-substrate leakage current Source-substrate leakage current 
IpRs Isps 
6. SMALL SIGNAL-Y PARAMETERS 
Four-pole equivalent circuit 
S 
2s 
if lout 
B96168 
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lin 2) input admittance with output short 
Vis yey out 9 circuited 


tin Vin =o reverse transfer admittance with input 
ye eo short circuited 
forward transfer admittance with output 
short circuited 


—y, —lout_—y,, =0 Output admittance with input short 
VR Yo Voc Ceireulted 


pe, as iout aes 
yr ayoy Vout = 0 


A second subscript on the y-parameter indicates the circuit configuration 
e.g. Yis = input admittance in common source configuration 
where yis is the complex form 
Yis = Gistjbis and bis = Cis 


For example 
Cis = input capacitance in common source 
and 
Crs = feedback capacitance in common source 


The forward transfer admittance in common source configuration at low 
frequency (e.g. below about 1MHz) is indicated in the following forms 


gm = gais = Qts = lyts| 


at high frequency this parameter is a complex quantity and the modulus 
lyrs| is usually given in the data with a specified frequency of measurement. 


ABSOLUTE MAXIMUM RATING SYSTEM 


7. Absolute maximum ratings are limiting values of operating and environ- 
mental conditions applicable to any device of a specified type as defined 
by the published data, and should not be exceeded under the worst 
probable conditions. 


These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking no responsibility for variation in 
equipment or environment, and the effects of changes in operating 
conditions due to variations in the characteristics of the device under 
consideration and of all other devices in the equipment. 


The equipment manufacturer should design so that initially and throughout 
life no absolute maximum value for the intended service is exceeded with 
any device under the worst probable operating conditions with respect 
to variations in supply voltage, environment, equipment components, 
equipment control adjustment, load, signal or characteristics of the device 
under consideration and of all other devices in the equipment. 
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TRANSISTORS NOTES 
7.1 Ratings (maximum permissible values) 
Vps max — _ Drain-source voltage 

Vpn max -— _ Drain-substrate voltage 
Vss max —  Source-substrate voltage 

Vep max — _ Gate-drain voltage 
Vas max — Gate-source voltage 
Vas max — _ Gate-substrate voltage 
Ip max — Drain current 

ls max — Source current 
“lq max — Gate Current 


“applies only to junction F.E.T.’s if a forward-voltage is applied to the gate. 


7.2 Power Dissipation 


8.2 


8.3 


8.4 


where T; max = maximum permitted junction temperature 
Tamb Max = maximum permitted ambient temperature 
Tease Max = Maximum permitted case temperature 
Riny-amb) == Thermal resistance junction to ambient 
Rin(case-amb) = Thermal resistance case to ambient. 


The limiting value of the maximum permitted device dissipation Prat max 


is stated for either T; max —Tamp max 


amb = 
Ring-amp) 


T; max —Tcase Max 
and Prot Max = ee 
Rin(case -amb) 


SOLDERING AND WIRING RECOMMENDATIONS 


When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should, if possible, be 
kept to a minimum by the use of a thermal shunt. 


Transistors may be dip-soldered at a solder temperature of 245°C for a 
maximum soldering time of five seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1:‘5mm above a board 
having plated-through holes. 

Care should be taken not to bend the leads nearer than 1-5mm from 
the seal. 


If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances, the leads should be retinned using a suitable activated flux. 


OPERATING NOTE (M.O.S. insulated gate F.E.T.’s) 

Mounting and handling instructions 

To exclude the possibility of damage to the gate oxide layer by an 
electrostatic charge building up on the high resistance gate electrode, 
the device is fitted with a conductive rubber ring around the leads. This 
ting should not be removed until after the device has been mounted 
in the circuit. 
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SECTION VI 


Safe Operating ARea for power transistors 


INTRODUCTION 

One of the main restrictions in the operation of power transistors is the phenomenon 
known. as ‘second breakdown’. This is the name given to a transistor condition 
whereby the collector-emitter voltage abruptly switches from a high to a low 
voltage with increased current. 

A diagram illustrating the output characteristics of a power transistor is shown 
in Fig. I. It is not representative of any particular device but merely serves to 
demonstrate the Ic against Vcr characteristics of a transistor asit goes into second 
breakdown. On the horizontal axis the forward and reverse-biased base regions 
are clearly grouped, with the base open-circuit condition dividing the two regions. 

The transistor will enter second breakdown at a certain critical current value 


Collector 
current 


ae 
oN 
Sir es 
he eX 
\ ocus of secon real wh 
| \ \ ae eva arent parts for dc. 
\ \ \ an pulse ope 
pulse 


! 
I 
| 
| 
/ 


i 
d T i 
| ee powers eo Vego Collector-emitter voltage 


| 
| 
| 
| 
| 
1 


Base forward biassed Base reverse biassed 


Fig. 1—Output characteristics of a power transistor 
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which is low at high collector-emitter voltages and higher at low voltages. Three 
loci for critical current values are shown on the diagram; these represent d.c., 
pulse, and short pulse operation. The extension of the second-breakdown locus for 
pulse operation is dependent on the pulse duration tp and also, to a lesser extent, 
on the duty cycle d (see Figs. 2 and 3). Thus the greatest extension is permissible 
with single-shot pulses (d == 0-Q1) of short duration, say 10us. (The value d = 0-01 
can be considered as single-shot because there is ample time for cooling between 
power pulses). 


Observation of second breakdown 

Consider the Ic against Vc characteristic ABCDE shown in Fig. 1. At point B 
the device goes into avalanche, otherwise known as first breakdown. At this point 
the collector current starts to rise sharply for very little increase in the collector- 
emitter voltage. If the current is allowed to increase up to a critical value at C the 
device will enter second breakdown. This is noted by an abrupt switching of the 
collector-emitter voltage to a low value at point D. In second breakdown the 
device offers only a very low resistance to collector current, and is invariably 
destroyed if the current is not specially limited by a circuit external to the transistor. 
Beyond point C the process is generally’irreversible whereas up to point C in 
avalanche the trace can be returned with no serious alteration to the transistor 
properties. It is in the forward-biased mode of operation that the phenomenon of 
second breakdown has been extensively studied over recent years, and a method of 
presenting the Safe Operating ARea (abbreviated to SOAR) is now being published 
in Mullard data for power transistors. 

In many applications, however, the reverse-bias breakdown characteristics are 
also of importance. For example, when a power transistor with an inductive load 
is turned off by reverse biasing the base, the collector voltage will rise above the 
supply voltage because of the stored inductive energy of the coil. For such applica- 
tions transistors have been developed which permit excursions outside the Vcromax 
rating under specified conditions. 

With reverse bias on the base, second breakdown is always preceded by first- 
breakdown. At low collector currents the voltage across the transistor can exceed 
the Vcro rating as shown in Fig. |. In first breakdown, or avalanche, the device 
goes through a negative resistance region until a critical current value is reached at 
which point the collector-emitter voltage abruptly switches to a very low value in 
second breakdown. 

Second breakdown in the transistor is usually caused by current concentration 
at a point in the emitter active area; this is described in detail elsewhere()) 


SIMPLE METHOD OF USING PUBLISHED SOAR CURVES 

In addition to the methods described in the MTC article | sufficient SOAR 
information is provided in the published data of each power transistor to cover 
90°% of all applications. 


“OTP 1454 reprinted from MTC No. 122 APRIL 1974 


Mullard 


SOAR Page 2 


SOAR GENERAL EXPLANATORY 
NOTES 


Thus, in most cases the user will merely select the appropriate SOAR curve 
already constructed—without having to calculate and manipulate Msp values. 

In general, the data provides SOAR curves for pulse durations in multiples of 
1, 2, 5, and 10, starting at pulse durations in the region 10 to 5Ous. The families of 
curves are plotted at duty cycles of 0-01 (single-shot) 0-1, 0-2, 0-5, and 1:0 (d.c.). 
The transient thermal impedance curves are also included so that the operating 
mounting-base temperature can be calculated. Typical SOAR data curves for duty 
cycles of 0-2, 0-S-are illustrated in Figs. 4 and 5. 

These curves will be used in the examples that follow. 

In the few applications (about 10°) which are not covered by the published 
SOAR curves, the user can derive Msp curves from the single-shot and d.c. SOAR 
information, and construct the boundaries using the method fully described in 
the reference TP 1454 

All Mullard data, including pulsed power ratings, assume the use of square 
waves and resistive loads. Therefore, the system for using the SOAR and transient 
thermal impedance curves to be described deals with this type of waveform first, 
and then methods for other practical cases will be considered. It is assumed that the 
electrical and time conditions are the fixed parameters of an application at the design 
stage, and that the thermal conditions can be most easily adjusted. The maximum 


465/10 


cw) 
ntl 


(j-me(deg 


— 
Hill LN 
N 


Transient thermal impedance 24), 


Fig. 2—Typical thermal impedance curves at various duty cycles 


Pulse duration tp, (ms) 
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power must be calculated at the worst-case condition ; when the worst-case condition 
is not obvious, all discrete sets of conditions need to be assessed. 


/ tar 


4465/8 


Fig. 3—Relationship between duty cycle (d), pulse duration 
(t,) and period (T) 


Construction of SOAR using published data 

The procedure for constructing a SOAR for one specific set of conditions is des- 

cribed with reference to the curves shown in Figs. 4 and 5, and to the transient 

thermal impedance curves in Fig. 2. 

1) Note the pulse duration tp (for example, {-7ms). 

2) Note the time between pulses (T—tp) (for example, 2-9ms). 

3) Calculate the dutycycle d from the equation d = tp/T (in this example 0-37). 

4) Note the peak collector current Ica (for example 300mA). 

5) Note the peak collector emitter voltage Vcrm (for example, 35V). 

6) Select the SOAR curve with time conditions greater than or equal to the time 
conditions of the application (in this example, for d == 0-37 use d = 0-5 and for 
tp = |-7ms use tp = 2-Oms). 

7) Plot the point given by the specific Ica and Vcxm values, shown as point Q in 
Fig. 5. 

8) The point Q is acceptable if it is contained within the area of the 2ms/0-5 SOAR 
as shown in this example. 


Thermal calculations 


The maximum permissible mounting base temperature is now determined as 
follows :— 


1) Determine peak power by multiplying Icm by Vcrm. 
2) Calculate the transient thermal impedance for 1-7ms at 0-37 duty cycle. 
The equation used is: 


Zeta) ={Rtn—Ztnto}d + Ztnito, 


Where Zinta) is the thermal impedance for pulse duration t at duty cycle d, and 
Ztntto) is the thermal impedance for pulse duration t at duty cycled = 0-01 (from 


Fig. 2). 
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3) Calculate the difference between the junction and mounting-base temperature 
from: 


(Tj —Tmv)=Zenita)  Iom X Voem. 
4) Calculate the maximum permissible mounting-base temperature Tmpmax from: 
Tmpmax =Tjmax —(T;—Tmp). 


5) A heatsink which limits the mounting-base temperature to this value is required. 
The thermal capacity of the heatsink will be such that the transient effect of the 
power will be averaged. Hence the thermal resistance is calculated using average 
power. Thus: 


Tmpmax — T. b 
Rint = — —Rtnimp ndegC/W, 
Icom X Vcem Xd 
Where Rtnn-a) is the thermal resistance of heatsink to ambient and Rtnimp-n) iS 
the contact thermal resistance. 


6) The physical size of the required heatsink can be determined from heatsink pub- 
lished data or from the nomogram in Appendix 1. 


Operating selected outside SOAR 


Suppose the application had required an Icm of 400mA instead of 300mA. In this 

case the point P on Fig. 4 would be given. Point P is outside the 2ms area which 

indicates that the condition may be unacceptable. Thus a closer approximation to 

the true conditions is necessary. 

1) Using linear interpolation between the 1 and 2ms curves at d = 0-5 (Fig. 5) 
draw a SOAR curve for tp = 1:7ms. If point P is within this area then the con- 
ditions are acceptable and the heatsink thermal resistance can be calculated. 


2) If point P is outside the 1-7ms area, then determine the !-7ms area on the family 
of curves for d = 0-2 (Fig. 4). A further linear interpolation between the two 
1-7ms areas is then needed to approximate to the 1-7ms SOAR at duty cycle of 
0-37. 

3) If point P is outside this area, then the condition is unacceptable, and a different 
transistor should be considered. 


The above method is not absolutely accurate, but the approximation errors in- 
volved are allowed for in the published data tolerances. More accurate calculations 
can be made by going back to first principles, and calculating the multiplying factor 
for the specific condition. |) 


Q'TP 1454 reprinted from MTC No, 122 APRIL 1974 
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PRACTICAL APPLICATION 
This section discusses a typical application in which power transistors are used. 


Audio application 


The example describes how the output transistors of an audio amplifier are 
checked for excursions outside the specified SOAR when the amplifier is being 
tested under a sinewave overdrive condition. 


This example describes how the SOAR curves are used to check the Suitability of 
the BD131 power transistors in a television audio amplifier application. The 
amplifier is a class A design capable of delivering an output of 2W. The circuit 
configuration is shown in Fig. 6. 


V supply 


V drive 


Test 
resistor 


Feed back 


Gi 
365/29 


Fig. 6—Circuit configuration of television audio output stage 
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The amplifier provides the required output power but the second breakdown 
acceptability has to be checked, and the thermal requirements of the heatsinks are 
to be calculated. 


In this example the SOAR acceptability is considered in the event of the transis- 
tors being overdriven by a sinewave signal of period 960us. A test resistor of 0-1 is 


Oscilloscope 


445137 


Fig. 7—-Method of connecting dual-trace oscilloscope to 
obtain simultaneous display of I¢ and Vce 


(Vv) 


0 100 200 300 400 500 600 700 800 900 1000 
Time (ys) 


0 100 200 300 400 500 600 700 800 900 1000 
Time (ps) 
Fig. 8-—Vce and I_ characteristics 
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inserted in the emitter circuit of the lower transistor TR1. A simultaneous display 
of the Vcz and Ic waveforms is then obtained by connecting the probes of a dual- 
trace oscilloscope in the manner shown in Fig. 7. The traces of Vcr and Ic taken 
from the oscilloscope are shown in Fig. 8 and the measurements from the wave- 
forms are recorded in Table 1. These readings were recorded every 20us through 
the complete cycle of 960us. In the final column of Table 1, values of instantaneous 
power are calculated and plotted against time in Fig. 9. This curve is then converted 
inte a series of equivalent squarewave pulses having the same peak power values as 
the actual pulses. The equivalent squarewave pulses are shown by the dashed line 
and are marked Pi, Pe, and Ps in Fig. 9. 


Each pulse is then checked individually. The duty cycle for each equivalent 
squarewave pulse is calculated, and the Vcr and Ic values recorded over the dura- 
tion of the pulse are checked on the appropriate SOAR curve. 

TABLE 1 


Measured values of Ic and Vcx and derived Pitot) obtained 
from oscilloscope display 


Time Ic Vcr Pitot) 
(us) (mA) (V) (W) 
0 260 2 0-52 
20 220 6 1-32 
40 180 12 2-16 
60 140 16 2-24 
80 90 20 1-80 
100 50 25 1-25 
120 5 29 0-15 
then no important changes until 
500 5 25 0-14 
520 40 25 1-00 
540 80 20 1:60 
560 130 15 1-95 
580 180 10 1-80 
600 220 5 1-10 
620 260 1 0:26 
until 

940 280 1 0-28 
960 260 2 0-52 
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Consider pulse Pi: the equivalent pulse time tp: is 82-5us and the total cycle 
time T is 960us. Therefore the duty cycle di is 82- -5/960 or 0-086. The Vcx and Ic 
values recorded up to the end of the pulse time tp: are then plotted on the SOAR 
curve for d = 0-1 as shown in Fig. 10. The locus of this plot falls well within the 
tp = 100us limit, therefore this condition is acceptable. In figs. 10 to 12, the 5mA 
point is plotted on the lO0mA_ line for convenience, this makes no difference to the 
result. 

The same procedure is followed for checking the acceptability of pulses Pz and Ps. 
For Pe the duty cycle is 420/960 or 0-44; thus the Vcr and Ic measurements recorded 
for pulse P» are plotted on the SOAR curve for d = 0-5 as shown in Fig. 11. For Ps 
the duty cycle is 70/960 or 0-073, so the Vcx and Ic measurements recorded for pulse 
Ps are again plotted on the SOAR curve for d = ‘0-1 as in Fig. 12. 


In all three cases the pulse conditions are acceptable since not even the d.c. 
SOAR limits are exceeded. Thus, the transistor will not fail through second break- 
down even when the amplifier is continuously overdriven. 


Heatsink calculations 

The heatsinks have to be designed to keep the junction temperature below the 
rating of 150°C. The known thermal restraints are the standard ambient tempera- 
ture of 60°C allowed for in television enclosures, and the thermal impedances 
associated with the BD131. The thermal impedance curves for the BD131 are shown 
in Fig. 13, and the contact thermal resistance Rtn(mp-») is 1 degC/W. 


445/36 
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Fig. 13—Thermal impedance curves for BD131 
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The calculations used to determine the size of the required heatsinks involve 
average power values, as follows: 


Tmpmax — T, —_— 
Reha) = > Renta ay, .. 1) —_ 
Pav = 
where: Tmpmax = Tjmax —(Tj —Tmp)max. ...Q2) 


Tjmax —(Tj —Tmv)max —Ta 
Pav 


Therefore: Rina am( ) —Rtwmp-n) ...(3) 


Two average powers have to be considered;that during the overload condition 
and that during the quiescent state. Since this is a class A amplifier, 2W will be 
dissipated in each of the output transistors during the quiescent condition, and this 
will be the d.c. bias condition. Under the overload condition the average power 
value is calculated as follows: 


average heat input per cycle 


=[(tp1 x Pi) +(tp2 X P2) +(tps x Ps)]/T, ...(4) 


=[(82.5 x 2.24) +(420 x 0.15)+(70 x 1.96)}/960 = =0.4W. 


The calculation of heatsink sizes should be determined under worst-case condi- 
tions. This occurs when the quiescent state is followed by the overload conditions. 
. Since the average overload power is less than the quiescent power the first cycle of 
overload will define the (Tj—Tmp)max. 
The maximum value of (Tj—Tmp) is to be the greater of the two values given 
by the equations (5) and (6) below. | 


(Tj—Tmv)max = Pg x Rtn +(P1—Pe@)Ztntpi, .. 5) 


and (Tj —Tmp)max = Pg x Rtn +(P1 —P@)Ztn(tp1+ tpe +tps) 


—(Pi —P2)Zin(tp2+tps) +(P3 — P2)Ztntps, ...(6) 
where: 
quiescent power Pea=2W tps =70us 

P, =2.24W Rin=6degC/W 
P2=0.15W Ztntp1 =0.72degC/W 
P3=1.96W = Ztn(tp1 +tp2+tps)=2.0degC/W 
tp1 =82.5us Zth(tp2-+tp3) =1.8degC/W 

tpi +tp2+tp3 =572.5us Ztntp3 =0.63degC/W. 


tp2-+tps =490.0us 
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Thus, Eq. 5 becomes: 
(Tj --Tmv)max = (2 x 6)-+(0.24 0.72) =(12+0.2) =12.2degC. 
Eq. 6 becomes: 
(Tj —Tmv)max =(2 x 6) + (0.24 x 2) —(2.09 x 1.8)+ (1.81 x 0.63), 
=12+0.48—3.76+1.14 =9.9degC. 
Therefore the maximum value of (Tj—Tmp) is 12.2degC from Eq. 5. 


Thus Eq. 3 becomes: 


150—12.2—60 
2 


Rth(n-a) = ( ) —1 =37.9degC/W. 


Therefore the maximum value of (T;—Tmp) is 12.2 degC from Eq. 5. 

Therefore heatsinks used for the BD131 transistors in this application should 
each have a thermal resistance of 37degC/W or less. The foregoing calculations 
assume a contact thermal resistance value of 1degC/W, which is true only if a heat- 
sink mounting compound is used. 


APPENDIX I 
Transistor heatsink sizes 


‘The heatsink size for any transistor can be found from the nomogram shown 
in Fig. 14 provided that the power dissipation is no greater than 100W, and that 
the heat is dissipated by free convection. This nomogram should not be used where 
forced air. cooling is employed, or where heatsink material other than aluminium 
is desired. The nomogram is operated as follows, with reference to the simplified 
curves in Fig. 15. 
1) Calculate the worst-case dissipation Ptotmax and hence the thermal resistance 
of heatsink to ambient Rin(h—~a). Thus: 
Tmpomax—Tamp 


Rthin—a) = P — Rtn(mb—n) 
tot 


2) Enter the nomogram in section | of Fig. 15. Move horizontally to the left until 
the appropriate orientation (either horizontal or vertical) and the appropriate 
surface finish is reached. 

3) Move vertically upwards to intersect appropriate power dissipation curve 
(Ptot) in section II. 

4) Move horizontally to intersect the curve in section III for the desired thickness 
of sheet aluminium heatsink. If an extrusion is required, move vertically upwards 
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SOAR 


GENERAL EXPLANATORY 


NOTES 


from the point of intersection on the chosen extrusion curve and read off the 
required length on the top horizontal scale. (The 30D and 40D are shown in 
outline in Fig. 16. These types belong to the family of extrusions which has been 
used with Mullard power devices requiring special heatsink considerations, such 
as thyristor stacks and power rectifiers. Similar curves for alternative extrusions 
could also be plotted in section HI using the heatsink manufacturer’s data 
relating Rinjn—a) and power, and length). 
5) Move vertically down from point A in section III to intersect with the appro- 
priate curve for the transistor encapsulation style. 
6) Move horizontally to the left and read off the required area of one side of flat 


aluminium heatsink. 


7) The heatsink dimensions of height to width should not exceed the ratio 1:25:1. 


| Fe of extruded heatsink [eT | 
4 10 100° 45/67 
type of heatsink power dissipation foul 
thickness of flat aluminium sw 
heatsink (mm) 2 
iW, 
7 sow 
# extrusion 
type 300 2 a 
2 
T ag 
1OOW, 
cee 1 3 | 
K extrusion 
type 400 
00 ~ =. — 10 
“| type ot envetope Ht —Jariqatatamash™ 
[ | | 
> T 
€ 
2 
z | 
- 
3 ; Y. 3 
£ bright horizontal 3 
¢ bright vertical 
2 2 : blackened horizontal gz 
aa blackened vertical 3 
© 100) 10 
8 z 
z re 
2 
cy 
: i 
: 10-3 and TO- P3(plostic) | 
ry JO-66 and TO- 226 {plostic) 
10-1 
10-39 Vip, r 
10-126 
i | T 7 T 
10 fe) =) Ll 1 iJ N 


Fig. 14—Heatsink nomogram. *(For outlines of extrusions see Fig. 16,) 
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length of extruded 
heatsink (cm) 445/48 


section It section I 


type of power 
heatsink dissipation 


| 


type of orientation and 
envelope surface finish | 


area of one side of flat 


heatsink (cm?) 


section IY section J 


Rin tn-a) (deg C/W) 


Fig. 15—Simplified nomogram 


if oe max 109 i= ee a 


max 
{a} 300 27 32 


_ 


max 
(b) 400 59.7 


max 109 ———____——-»| 


All dimensions in mm ousie9 


Fig.16——Outlines of extrusions: (a) 30D, (b) 40D 
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TRANSISTORS 


DUAL N-CHANNEL BFQ10 
FIELD EFFECT TRANSISTORS t 


Dual n-channel silicon planar epitaxial junction field-effect transistors in TO-71 metal 
envelope, with electrically insulated gates and a common substrate connected to the enve- 
lope; intended for high performance low level differential amplifiers. 


QUICK REFERENCE DATA 


Characteristics measured at Tamb = 25 °C; Ip = 200 pA; Vpg =15 V 


Difference in 
gate current 


Gate -source 
voltage difference 


Thermal drift of 
gate-source voltage 
difference 


Transfer con- 0,98 | 0,98 |0,98 
ductance ratio 1,02 }1,02 | 1,02 


Difference in 
transfer impedance 


Difference in 
penetration factor 


Common mode 
rejection ratio 


MECHANICAL DATA Dimensions in mm 


TO-71 
All leads insulated 
from the case 


W6 > 
max < 45° | 
INS 
‘ tous 
WA A tug 
aM max 
max ’ 
2g | 
2s baa alg Pa 12.7min ——+ 7266908 
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RATINGS Limiting values in accordance with the Absolute Maximum System 


Voltages 

Drain -source voltage +Vps 
Drain -gate voltage (open source) Vpco 
Gate -source voltage (open drain) -Vcso 
Voltage between gate 1 and gate 2 4V1G -2G 
Currents 

Drain current Ip 
Gate current Ig 
Power dissipation 

Total power dissipation up to Tamb = 75 °C Prot 
Temperatures 

Storage temperature Tstg 
Junction temperature Tj 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a 


Mullard 


max. 30 
max. 30 
max. 30 
max. 40 
max. 30 
max. 10 
max, 250 
-65 to +200 
max. 200 
= 0,5 


<< < < 


mA 
mA 


mW 


ie: 
°C 


°C /mW 
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DUAL N-CHANNEL BFQ10 
FIELD EFFECT TRANSISTORS te 
BFQ16 


CHARACTERISTICS (total device) Tamb = 25 °c unless otherwise specified 


Measured at: Ip = 200 yA; Vpg = 15 V except for drain current ratio. 


Drain current ratio 1) 


Vpg=15V;Ves=0  iD=Iss 


12D -2ss 
Difference in 
gate current | Atc| pA 
Gate -source 
voltage difference |AVGs | ahd 
Thermal drift of 
gate-source vottage «| 4VcS wv ec 
: aT 
difference 
Transfer con- £lfs 
ductance ratio £2fs 
Difference in A J Q 
transfer impedance 2) fs 
Difference in Zos 
penetration factor 3) |s Bfs" vey 
Common mode CMRR dB 


rejection ratio 4) 


1) Measured under pulse conditions. 


2) The difference in transfer impedance is equal to the ratio of the change of the gate- 
source voltage difference to the change of drain current, at constant drain-gate voltage. 


(as = sovas at VpG = constant) 


3) The difference in penetration factor is equal tothe ratio of the change of the gate-source 
voltage difference to the change of drain-gate voltage, at constant drain current. 


(A 208 = d AVGs 
Sis dVpG 


4) Common mode rejection ratio 


CMRR (in dB) = -20log 


at Ip = constant) 


A Sos 
&fs 
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CHARACTERISTICS (Individual transistor) 


Gate cut-off current 


-Vocs = 20 Vv; Vps =0 


-Igss 


-Vgg = 20 V; Vpg = 0; Tamb = 125 °C -Igss 


Gate current 


Ip = 200 pA; Vpg = 15 V; Tamb = 125 °C Ig 


Drain current 


Vps = 15 V; Veg =0 


Gate -source voltage 
Ip = 200 pA; Vpg=15V 


Gate -source cut -off voltage 
Ip =1nA; Vpg=15V 
Transfer conductance at f = 1 kHz 


Ip = 200 pA; Vpg = 15 V 


Output _conductance at f= 1 kHz 
Ip = 200 pA; Vpg =15 V 


Input capacitance at f = 1 MHz 
Ip = 200 pA; Vpg = 15 V 
Feedback capacitance at f = 1 MHz 
Ip = 200 pA; Vpg=15V 


Equivalent noise voltage 


Ip = 200 pA; Vps = 15 V 
B= 0,6 to 100 Hz 


1) Measured under pulse conditions. 


2) Measured with case grounded. 


-Vgs 
-V(P)GS 
Sfs 


80s 


Vo 


Mullard 


100 

20 

< 10 
0,5 to 10 

4 2,7 
0,5 to 3,5 
> 1,0 
< 5 
< 8 
< 1,0 
< 0,5 


Tamb = 25 °C unless otherwise specified 


pA 
nA 


nA 


mA 1) 


pV 
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DUAL N-CHANNEL BFQ10 
FIELD EFFECT TRANSISTORS 


H 
— 
Yl 

= 

—_ 

— v. 
— 

| | y 
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typ. values 


25 °C 


mie 


7267194 


10 


1071 
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DUAL N-CHANNEL BFQ10 
FIELD EFFECT TRANSISTORS 


to 
BFQ16 
6 7267187 10 7267186 


Coo 
-V(P\Gs sangzeee= CCCP 
(at Ip=1nayt LH 
eeeEH HHH 
SaRGRneee ae 


Ip (mA) 10 


ree 
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7Z67188 7287105 


Vps=15V 
Tamb= 25 °C 
f=1 MHz 


case grounded 


Stine 
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N-CHANNEL INSULATED GATE 
FIELD EFFECT TRANSISTOR BFR29 


Depletion type, insulated gate, field effect transistor in a TO-72 metal envelope 
with the substrate connected to the case. It is intended for linear applications in 
the audio as well as the i.f. and v.h.f. frequency region, and in cases where high 
input impedance, low gate leakage currents and low noise figures are of importance. 


QUICK REFERENCE DATA 


|¥ts| min. (I, =5mA, v 


Ds= 15V, f=1kHz) 


CL max. (,=5mA, Vp 


7 1SV. f= IMHz) 
N max. (I=5mA, V.=15V, f=200MHz, 


Ge, =lmA/V, B, =optimum) 
vB typ. (,=5mA, V 


Ds= 15V, f=1kHz) 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO-12A/SB4-3 
J.E.D.E.C. TO-72 


% Substrate connected to envelope 


All dimensions in mm 03925 


NOTE 


To exclude the possibility of damage to the gate oxide layer by an electrostatic 
charge building up on the high resistance gate electrode, the device is fitted with a 


conductive rubber ring around the leads. This ring should not be removed until after 
the device has been mounted in the circuit. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vop max. Drain-substrate voltage 30 Vv 
Vv SB max. Source-substrate voltage 30 Vv 
iV cp me Gate -substrate voltage (continuous) 10 Vv 
iV GN max. Repetitive peak gate voltage 
(gate to all other terminals) 
Vop =Vop =0, f >100Hz 1S Vv 
Ip max. Drain current (d.c.) 20 mA ' 
Tom max. Peak drain current 
t.=20ms, d=0.1 50 mA 
Pot max. Total power dissipation 
Tam = 25°C 200 mW 
Temperature 
ie Storage temperature -65 to +125 - 
% max. Junction temperature 125 Cc 
THERMAL CHARACTERISTIC 
ee Come ee 
ELECTRICAL CHARACTERISTICS ; =25°C unless otherwise stated) 
Min. Typ. Max. 
Gate current, Vas =0 
los Vag =10V, Vos = 0 - 7 10 pA 
lass Vas =10V, Vos =0 - - 10 pA 
leek Vg =10V, Ving =9, T,=125°C - - 200 pA 
Ings Vag =10V> Vg = 9: T= 125°C - - 200 pA 
Substrate current, V GB. 0 
Ippo Vep= 30V, I, =0 7 - 10 BA 
Iso Vpg =30V, T)=9 - = 10 BA 
SS nISV, Voge =0 10 - 40a 
DS * “GS 
-V cs Gate -source voltage 
T= 100nA, Vig = 15V 0.5 - 3.5 Vv 
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N-CHANNEL INSULATED GATE 
FIELD EFFECT TRANSISTOR 


ELECTRICAL CHARACTERISTICS (contd. ) 


Min. 
-V Gate-source cut-off voltage 
(P)GS 7 a ~ 
In =100nA, Vos =15V 
N Noise figure at f= 200MHz 5 
Ih =5mA, Vos =15vV, Tomb 72> Cc 
Ge =lmA/V, B, =optimum - 
vB i i = 25% 
v/ B Equivalent noise voltage, T, 25°C 
Tp =5mA, Vos = i5V, f=120Hz - 
f= 1kHz = 
f= 10kHz - 
y-parameters 
= = = te] 
In SmA, Vg 15V, Tomb 259°C 
1¥pql Transfer admittance at f= 1kHz 6. 
Pye Output admittance at f= 1kHz = 
Cis Input capacitance at f= IMHz 2 
CLs Feedback capacitance at f= IMHz = 
Cc Output capacitance at f= IMHz 7 
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Typ. 


100 
35 


Max. 
4.0 Vv 
5.0 dB 
- nV/VHz 
- nV/VHz 
- nV/VHz 
- mA/V 
0.4 mA/V 
5.0 pF 
0.7 pF 
3.0 pF 
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D3863 


a 


15 Vps(V) 20 


T45V 


“AN 


| = 
05) 


ae 


10 


“Si 
(6 


eo 
+ 


\ 


0 
=25°C 
typ. curve: 


Ves 
Tarmb 


+ 


+ 


=5 Vos (V) -2.5 


0 
0 


4 


0.5 


a IN 
| 
I~ 


NO 

7 
N 
rN 
an 


mS 
IN 
IK 


0 Vo6s{¥) 


25°C 


=15V 


Vos 
Tamb 


typical curves 
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N-CHANNEL INSULATED GATE 
FIELD EFFECT TRANSISTOR BFR29 


PE 


pty 


° pf fff 
a 


100 T; (°C) 150 


20 Ip{mA) 30 
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403 - - 03668 102 


te } 

Gis & bis 
(pa/vi |. . van TTL mai) 
= La +t 4 +7] 

Gis H 
402 - 10 
ae T 
[ a 
a +. 
| bis | i 4 an 
40 : ttl 4 
a 
+++ typical curves [fy 
font p=5mA 
LI] Vos=15V 
r Tamb = 25°C 
4 1071 
40 102 ¢ (MHz) = 108 


typical curves 
Tp=5mA 
Vog=15V 
Tamb= 25°C 


10 102 # (MHz) = 10° 


104 03869 10 
EHH typical curves 
Tp=5mA Ms 
Drs PT yo5215V 4}-Crs 
(pA/v) i Tamb2 25°C (pF) 
a te a 
103 1 
brs | TT 
10? 107 
= 
10 10°? 
10 102 f (MHz) 103 
103 03671 10 
Gos Dos 
(pa/V) (mA|V) 
Bos 
402 Sos 4 
ia 
Bi 
it i 
10 10° 
s t 
typical curves 
t—}-+-F Ip=5mA 
4 Vps=15¥ 
Tamb= 25°C 
4 10? 
40 102, # (MHz) ~— 109 
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N-CHANNEL INSULATED GATE 
FIELD EFFECT TRANSISTOR 


03873 
a 


typical curves 
Tamb = 25°C 


+25 


typical & 
Tamb 

Cis 

(pF) 

3 

Z 

4 

0 

-2.5 Vesl(V) -5 +2.5 
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min. N-CHANNEL SILICON BFR30 
FIELD EFFECT TRANSISTORS BFR31 


N-channel silicon planar epitaxial junction field effect transistors in microminiature 
encapsulation. They are intended for low-level general purpose amplifiers in thick 


and thin film circuits. 


QUICK REFERENCE DATA 


to) 
max. (T nb = 25°C) 


BFR30 BFR31 


lbss ps = 19Y) Veg = 


Veg] Up = LMA. Vg = 1OV, 


f = 1kHz) 


Unless otherwise stated data are applicable to both types 


OUTLINE AND DIMENSIONS 


05698 


0.01 


min | 
H 
0.85 |_ 043 
max Identification 


max 
code: M1=BFR30 


1,2 
max M2=BFR31 


Alj dimensions in millimetres 
Plan view from above 
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JULY 1973 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
*Vo¢s max 
Singer 
-V GSO max 
In max 
I CG max 
P max 
tot 
Temperature 
stg 
T max. 


Drain-source voltage 
Drain-gate voltage (open source) 
Gate-source voltage (open drain) 
Drain current 

Gate current 


Power dissipation (T = 25°C) 
am 


b 
mounted on a ceramic substrate 
of 7 x5 x0.5mm 


Storage temperature 


Junction temperature 


THERMAL CHARACTERISTICS 


R eh(j-amb) 


Thermal resistance between junction 


25 Vv 
25 Vv 

5 Vv 

10 mA 

5.0 mA 

200 mW 
-65 to +150 °C 
150 °C 


and ambient, the device mounted on a 


ceramic substrate of 7 x 5 x 0.5mm 


0.62. °C/mw 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise stated) 


-I Gate cut-off current 
GSS 
Vas = 10V, Vos =0 
I Drain current 
DSS 
Vig = 10V, Vos =0 BFR30 
BFR3I1 
Vog Gate-source voltage 
Ih = 1mA, Vos = 10V BFR30 
BFR31 
Ih = 50uA, Vos = 10V BFR 30 
BFR31 
D cra) DS 
BFR31 
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Min. Max. 
= 0.2 nA 
4.0 10 mA 
1.0 §.0 mA 
0.7 3.0 Vv 
0 L.3 Vv 
“ 4.0 Vv 
2.0 Vv 
¥ 5.0 Vv 
- 2.5 Vv 
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min. N-CHANNEL SILICON 
FIELD EFFECT TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 


o 
y-parameters, T= 25°C 


| ¥¢s| 


[¥os| 


b 


Transfer admittance at f = 1kHz 


= ImA = 10 
I, , Vig V 


Ih = 200HA, Vos = 10V 


Output admittance at f = 1kHz 


Ih =1mA, Vos = 10V 


= 200A, Vp = 10V 


b S 


Input capacitance at f = IMHz 


Ih =lmA, Vos = 10V 


Ib = 200nA , Vos = 10V 


Feedback capacitance at f = IMHz, 


Ib = ImA, Vg = 10V, as 


I, = 200nA , Vp 


mb 
S 


Equivalent noise voltage 
Ih = 200pA, Vos = 10V 


B = 0.6 to 100Hz 


=10V, T._, =25°C 
amb 
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BFR30 
BFR31 


BFR30 
BFR31 


BFR30 
BFR31 


BFR30 
BFR31 


Min. 


BFR30 
BFR31 


Max. 

4.0 mA/V 
4,5 mA/V 
- mA/V 
- mA/V 
40 * pA/V 
25 HA/V 
20 wA/V 
15 pA/V 
4.0 pF 
4.0 pF 
1.5 pF 
1.5 pF 
0.5 HV 
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3341.1 03333 
6 


— 
= 
[3] 
: 
= 


0° 50 100 7; (°C) 150 0 5 40 
Ipss at Vesg=0 (mA) 


6 03331 6 D3332 
BFR30 
Ip typical values 
|_| -Ves=0V 
4 
0.5 
3 1 
im 
1.5 
{ 2 
sesmeeanies 
3 9 COREL PPE 
25 75 7) (°C) 125 25 75 oT) (°C) 125 
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min. N-CHANNEL SILICON BFR30 
FIELD EFFECT TRANSISTORS BER31 


PP ss 


aa 
an 
4 Ves (V) 2 0 5 Vos (V) 10 


: Mullard 


BFR30- Page 5 


10 D3334 


l¥es | 


(mA/V) typical values 


Vos=10V 
=1kHz 
Tamb =25°C 


7.5 


7 1 2 3 4 5 Ig (mA) 6 
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min. N-CHANNEL SILICON BFR30 
FIELD EFFECT TRANSISTORS BER31 


03337 45 03338 
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D3339 


ae : Vp5210V 

a Tomb = 25°C 
ae BFR30 Ip=4mA 
BFR31 Ip=41 mA 


ti To nde me fa ma Tl 
af ze + 
107} —+ + —— = 
ais 1 os 
tetttt tt a a IH 
| typ i 
10 uae 
=e = = = = = 
hort BFR31-T 7TH 
et fad tty 4 | Lut + 4 i BFR30-+- T 
ileti [9 Pet fi ' \ 
; it nti | ill 
10 10? 103 10° 10° 10 f (Hz) 107 
40° 03340 
in = z + = 5 Baar ee a - =F = Vog210V 
fA [- ich ie 7 E Tamb = 25°C 
(Vaz? ge ents ot ol. BFR30 Ip=4mA 
3 BFR31 Ip=1 mA 
10 — 
7 if 
a ee +. ft 
107 F-—+-— = = 
= : BFR31 
; = BFR30 
me je 
t—+ + +44 
10 
typ 
an + ryt 
' i 
1 
10 10? 10? 10% 10° 10° # (Hz) 107 
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N-P-N SILICON PLANAR BFR63 
EPITAXIAL TRANSISTORS BFR64 


N-P-N multi-emitter silicon transistors in capstan envelopes. The transistors have 

extremely good intermodulation properties and high power gain. 

The devices are intended for: 

(a) Final and driver stages of channel and band aerial amplifiers with high output 
power for band I, II, III and IV/V (40 to 860MHz). 

(b) Final and driver stages of wideband amplifiers (40 to 230MHz). 

(c) Final stages of the wideband vertical amplifier in high speed oscilloscopes. 

(d) Frequency multiplier and oscillator circuits. 


QUICK REFERENCE DATA 
Vopom max. (peak value) 


Voro max. 


lam max. 


0 
Pot max. (Tb £89 C, f >1MHz) 


a max. 


BFR63 


fy min. (f=500MHz, 1,=75mA, V7 20V) 1000 


CE 
P. typ. (f= 200MHz, 1,=70mA, 
Vop720V, d, = -30dB) 


G, typ. f= 200MHz, 1, 


Unless otherwise stated data is applicable to both types 


OUT LINE AND DIMENSIONS 


For details see page 2 
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OUTLINE AND DIMENSIONS 


Pip identities 


the collector. gor 


pas 


Diameter of hole in heatsink: max 4.17mm 


Torque on nut 
min. 7.5kg em (0.75N m) 


max. 8.5kg cm (0.85N m) 


Millimetres 
Min. Max 
5.25 5.75 
0.107 0.147 
0.7 1.1 
5.60 5.85 
9.0 9.6 
2a¥ 2.9 
10.5 10.7 
1.0 1.5 
25.0 29.0 
14 nom. 
1.4 1.6 
11.2 12.0 
= 1.6 
7.5 8.5 
2.93 3.68 
2.85 3.00 


When locking is required, an adhesive instead of a lock washer is preferred. 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


RATINGS 


BFR63 
BFR64 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Vv max. (peak value, I= 100A) 


CBOM 


Vv CERM max. (peak value, 


Voro max. a= 10mA) 


Vv max. 0, 100A) 


Cc 


Rpg 108, I 


Cc 


lom max. (peak value, f >1.0MHz) 


oO 
Pot max. (T ab <60°C, f >1.0MHz 
Temperature 

Tete 

ty max. 


THERMAL CHARACTERISTIC 


Reng-mb) 
Rtn cmb-h) 


=10mA) 


-40 to +150 Cc 
150 Cc 


25 
0.5 


ELECTRICAL CHARACTERISTICS a 25°C unless otherwise stated) 


I CBO neat pie tee current 
E -’ CB 


Vv Collector-emitter saturation voltage 
ence) 1,=100mA, 1,,= 10mA 


h Static forward current transfer ratio 


1,=50mA, Vopr OV 


1,7 150mA, Vor ov 


C. Collector capacitance 
1,71 o Vop 20; £=1.0MHz 

Feedback capacitance 

1,7 10mA, Vop720V, f=1.0MHz, 


=950 
Tab 25°C 


N Noise figure 


1,=40mA, Vop 20; 


f=200MHz, R,=752, T 


=950 
s mb 25°C 


| Mullard 


Min. 


Typ. Max. 


10 pA 


pF 


pF 


dB 
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ELECTRICAL CHARACTERISTICS (contd.) 


Min 
fp Transition frequency at f=500MHz 
I,=lmA, Vag 20V BFR64 - 
= = 1000 
ly 75mA, Vor 20V BFR63 
BFR64 1200 
= — 63 ren 
Iu 150mA, Vor 20V BFR 
BFR64 - 
P *Output power at [=200MHz, T_, =25°C 
fe) mb 
= = -S.W.r. <2 
I, 70mA, Vor 20V, v.s.w.r. at output 
f =202MHz, f =205MHz, d, = -30dB 
p q im 
measured at fo _.y) = 208MHz (channel 9) 
I-P) BFR63 = 
BFR64 130 
P ** Output power at f= 800MHz, T , =25°C 
° mb 
ly =T0mA, Vor* 20V, v.s.w.r. at output <2 
f_ =798MHz, f =802MHz, d,_ = -30dB 
p q im 
measured at f a = 806MHz (channel 62) 
(2a-P) BFR64 70 
o5 Power gain (not neutralised) . 
T,=70mA, Vag 20V; Tab 2? Cc, 
f=200MHz BFR63 = 
BFR64 15 
f = 800MHz BFR64 = 


*See test circuit etc. on Page 5 
**See test circuit etc. on Page 6 


CAUTION 


150 
150 


90 


16 
16 


6.5 


- MHz 


dB 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device 
is entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of thenecessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Dept. They must 
be separately and securely packed and clearly identified. If any are damaged or 
broken they MUST NOT be sent through the post. In this case, advice is available 
from the Service Department, Mullard Limited, New Road, Mitcham, Surrey. 
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N-P-N SILICON PLANAR BFR63 
EPITAXIAL TRANSISTORS BFR64 


ELECTRICAL CHARACTERISTICS (contd.) 
Intermodulation characteristics 
1. Output power at f=200MHz, T nb 25-€ 


1,=70mA, V_4=20V, v.s.w.r. at output <2, 


CE 
f_ =202MHz, f =205MHz, d. = -30dB, 
p q im 
measured at f =208MHz (channel 9) 
(2q-p) 


Test circuit 


Choke 02386 


L, = 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, int. dia. 
8mm, taps 1.5 and 0.5 turns from earth. 
L, = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 


8mm. 

L, = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia. 
8mm. 

L, = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
llmm. 


Basis of adjustment 


Intermodulation distortion at dj,,= -30dB is caused by clipping in h.f. output cur- 
rent and voltage. 
The maximum undistorted output power is attained when 


(a) Clipping in current and voltage is simultaneous; this occurs if 


R (Vv 


load ~ CE Veco 


Where Ve is the high frequency knee voltage 


k 
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ELECTRICAL CHARACTERISTICS (contd.) 
Basic of adjustment (contd.) 
(b) The h.f. collector current is as low as possible; this occurs if 


ad = + 
Coad ee 


Where Coe is the output capacitance of the transistor with short-circuited input. 


Experimentally obtained values of Rioad and Choad? for maximum output power at 


an intermodulation factor of -30dB, are: 


R = 2202, C 


load SADE 


load = 
Procedure 


1. Remove the transistor and connect a dummy load, consisting of a 220 resistor 
in parallel with a 4pF capacitor, between the collector and the emitter connec~ 
tions of the output circuit. 


2. Tune and match the output circuit for zero reflection at 205MHz (i.e. v.s.w.r.=l). 


3. Replace the dummy load by the transistor. Tune and match the input circuit for 
maximum power gain and good bandpass curve. The v.s.w.r. of the output will 
then be <2 over most of the channel. Corrections can be made by tuning Lg, this 
will not disturb the bandpass curve. 


2. Output power at f=800MHz, Tp zee 


1,=70mA, Vor 20V; v.sS.w.r. at output <2, 

f = 798MHz, f =802MHz, d. = -30dB, 

p q im 

measured at f = 806MHz (channel 62) 
(2q-p) 


Test circuit 


IVY 
12pF 
az 50 

J2pF 
+ 
O 
24V 

15nF 


Ly = 25 x 7 x 0.85mm silver plated copper strip, input tap at 5mm from earth. 
Lg = 13 turns of 0.6mm enamelled copper wire, int. dia. 8mm. 
Lg = 1.5 turns of 1.3mm copper wire, int. dia. 8mm. 
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N-P-N SILICON PLANAR BFR63 
EPITAXIAL TRANSISTORS BFR64 


ELECTRICAL CHARACTERISTICS (contd.) 
Basis of adjustment 


At 800MHz a dummy load cannot be used to adjust for optimum collector load, 
because at these frequencies the impedance transformations of the dummy load are 
too high. 


A small signal with a frequency of the midchannel 802MHz is fed to the input. The 
signal is increased until clipping occurs, that is until the output power no longer 
increases linearly with increasing input signal. Care should be taken not to allow 
the voltage swing to exceed the VcgR value as this may result in the destruction of 
the transistor by second breakdown. 


The output circuit is then tuned to eliminate clipping. 


The output P, is given by 


P, = 16 og -Vog,)/2 = 480mW 


cek 


where Ves is the high frequency knee voltage 


k 
Keeping the input signal as small as possible at Po = 480mW, the output circuit is 
adjusted for minimum intermodulation. The input circuit is then adjusted for maxi- 
mum gain and good bandpass curve. The v.s.w.r. is found to be <2 over the whole 
channel. 


. 
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Safe Operating Areas with the transistor forward biased 
I Region of permissible d.c. operation 
II Permissible extension for repetitive pulsed operation; f > 1MHz 


III Repetitive pulsed operation in this region is allowed, provided Rer < 102 and 
f >1MHz 
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BFR63 
BFR64 


N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


SeaSesSeseeeeee 1 aC Em 


a 
CI art tT Type 


HN 


2000 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFR90 


Silicon planar epitaxial n-p-n transistor in a plastic T-package. It is primarily 
intended for use in u.h.f. and microwave amplifiers such as aerial amplifiers, 
radar systems, oscilloscopes, spectrum analysers etc. The transistor features 
very low intermodulation distortion, high power gain and excellent wideband pro- 
perties combined with very high transition frequency and a low noise figure. 


QUICK REFERENCE DATA 


< 60°C) 


‘ (T, 


mb 


(,=14mA, Vo 
(,=2mA, Vop =10V; f=1MHz) 
(,=2mA, Vaz lV, f =500MHz) 
. (,=l4mA, Vag = 10V, f =500MHz) 
(I, =14mA, Vag = lov, Ry = 759 


Ves 150mvV, f = 493. 25MHz) 


E* 10V , f=SOOMHz) 


(p+q -r) 


OUTLINE AND DIMENSIONS 


04803 


All dimensions in mm 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vv CRO max. 20 Vv 
‘ 15 Vv 
Yego ™ 
X. 2.0 Vv 
VERO max . 
I, max, 25 mA 
P max. (T___ = 60°C) 180 mW 
tot amb 
Temperature 
T -65 to +150 % 
stg 
° 
T. max. 150 Cc 
J 
THERMAL CHARACTERISTIC 
Run i-amb in free air, mounted on a 
(mb) glass -fibre print of 40 x 25 x Imm ‘s 
(see fig. 1) 0.5 C/mW 


2min 2min 
Tete e co NE a 
WV hole in 
print 
iat lees 


tl [15min 


01091 


Fig. 1 


Requirements for a glass -fibre print 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise stated) 
Min. Typ. 


Collector cut-off current 


I 
Cc = = - a 
i =0, V,=10V 


I 
E 
h *Static forward current transfer ratio 


FE 2 
I, =14mA, V ap =10V 25 50 


f, *Transition frequency 


1, =l4ma, Vag = 10V, f= 500MHz = 5.0 


Cc Collector capacitance 
=I =0 = =l. = . 
I, i , Vor 10V, f=1. OMHz 0.5 


C. Emitter capacitance 


Tal, =9 Vinp@ 0: SV. f= 1. OMHz - 0.8 


-C Feedback capacitance at T =25°C 
amb 


1,=2.0mA, V,, =10V, f=1.0MHz = 0.4 


N Noise figure at optimum source 
impedance and T = 25°C 
amb 
1, =2.0mA, Vop 710, f =500MHz = 2.4 


Sum Maximum unilateralized stage gain 
at T =25°C 
amb 


Calculated from s-parameters: 


G..,=10 log —-—~—=—-- 


2 z 2 
iel Re Soe! ) 


1, =l4ma, VaR = lev, f =500MHz * 19.5 


*Measured under pulsed conditions. 
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Max. 


50 nA 


< GHz 
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ELECTRICAL CHARACTERISTICS (contd. ) 


d Intermodulation distortion at T =25°C 
amb 


im 
Io =14mA, Vor =10V, Ry = 758, V.S.W.R <2 
V VA =150mvV at - =495. 25MHz 

Vv FS - 6dB at A =503. 25MHz 

Vv eV - 6dB at f. =505. 25MHz 


asured at f = 493, 25MHz - -60 
(p+q -r) 


on UO 


dB 


Intermodulation test circuit 


L1=4 turns of Cu wire (0. 35mm), parit 


winding pitch Imm, int.dia. 4mm 
L2=L3=5pH ie 

Bs 
(mA/V) 


-50 


102” "103 *HMHz) > "104 0 50 Gs(mA/V) 100 


Constant noise figure circles 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFR90 


Ds7t4 D475 


= rae 
PEAR HH 
100 
pean & co 
h 
FE cH 
ye rH CH 
H 
eet 
i HE 
s ans 
i 
25 5 
|| aaeeee 
0 
0 10 20 Ig{mA) 30 
D4716 
6 8 
t——-+ 
fr I fr 
(GHz) + ae (GHz) 
4 6 
[ 
2 4 
Cl | 
a HT 4 I 1 
+4 htt 4-4-4 Vee s10V +44 
ne rT f =SOOMHz |_| | 
oe Tp=25°C 
| 
0 0 
0 20 Ig{mA) 40 
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04718 
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f (GHz) 


2 


Zee 


Ht 
: 


YT 
sat 
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Sa 
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N-P-N SILICON PLANA 


R 
EPITAXIAL U.H.F. TRANSISTOR 


Feedback coefficient So 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFR‘ 


Silicon planar epitaxial n-p-n transistor in a plastic T-package. It is primarily 
intended for use in u.h.f. and microwave amplifiers such as aerial amplifiers, 
radar systems, oscilloscopes, spectrum analysers etc. The transistor features 
very low intermodulation distortion, high power gain and excellent wideband pro- 
perties combined with very high transition frequency and a low noise figure. 


QUICK REFERENCE DATA 


Vopo max. 15 Vv 
Varo max. 12 Vv 
Io max, 35 mA 
270 
Ee max. (Tmbs 60°C) 180 uA 
es max, 150 C 
fp typ. (I= 30mA, V_,, =5V, f= 500MHz) 5.0 GHz 
Coe typ. (i, =2mA, VoR =v) f=1MIz) 0. 8 pF 
. = ; =5V, F=56 7 
N typ ere 2mA Vor 5V, f=500MHz) 1.9 dB 
Sun typ. a =30mA, Vor =5V) f= 500MHz 16.5 dB 


din typ. (1, =30mA, Vor 75V) R, = 752 


V_=300mvV, f = 493, 25MHz -60 dB 
° (p+q -r) 


OUTLINE AND DIMENSIONS 


a 6,2 min —e 


42 
lo 319 


All dimensions in mm 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vero max, 15 Vv 
Vv CEO max. 12 Vv 
VERO max. 2.0 Vv 
In max. 35 mA 
) 
Pe max. (Toinb= 60°C) 180 mW 
Temperature 
re) 
Tee -65 to +150 Cc 
T. max. 150 ie 
I 
THERMAL CHARACTERISTIC 
Ring -atnh in free air, mounted ona 
J glass -fibre print of 40 x 25 x lmm 5 
(see fig. 1) 0.5 C/mW 


eas ri . 'g 2min eas 
NSS 


1LSmin 15min 


t 4s min 


01091 


Fig. 1 


Requirements for a glass -fibre print 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 


BFR91 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise stated) 
J 


Min. 
Taro eee age es ; 
Eo ?"SGB 
Doe *Static forward current transfer 
ratio 
=30mA, =5. 
Ia mA Vor 5. OV 25 
fr *Transition frequency 
1,=30mA, V op 75: OV, £=500MHz - 
Cre Collector capacitance 
1, =1,=9, Vop= OV, f= 1. OMHz 5 
Cre Emitter capacitance 
I=, =0, Vig 70 5V> f= 1. OMHz - 
-C Feedback capacitance at T =25°C 
re amb 
1, =2.0mA, V4, =5.0V, f=1. OMHz - 
N Noise figure at optimum source 
impedance and T =25°C 
amb 
1, =2.0mA, V.), =5. OV, f=SO00MHz = 
Som Maximum unilateralized stage gain 


atT, | = 25°C 
amb 
Calculated from s-parameters: 
2 
[Ste | 
C “15, |7) es [s,.17) 


Sum =10 log 


=30mA, V BDO, f =SOOMHz : 


IG c 


*“Measured under pulsed conditions. 
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Typ. Max 
- 50 nA 
50 7 
5.0 = GHz 
0.7 ts pF 
1.8 = pF 
0.8 - pF 
1.9 - dB 
16.5 - dB 
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04731 


timum [1 1 I 


s= 0p 


3 
| 


10 
N 
(dB) 


8 (TTT 


I¢{mA) 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFR91 


Input impedance derived from 
input reflecti fficie i 


ction coefficient sjg 
oordinates in ohm x 50 


Mullard 


BFR91 Page 7 


Mullard 


ymin. N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFR92 


Silicon n-p-n planar epitaxial transistor in a micro-miniature plastic envelope. It 
is primarily intended for use in u.h.f. and microwave amplifiers in thick and thin 
film circuits, such as in aerial amplifiers, radar systems, oscilloscopes, spectrum 
analysers, etc. 


QUICK REFERENCE DATA 


< 0, 
+ (TS 60°C) 


=14 = 
fy l4mA, Von 10V, f = 500MHz) 


2mA, Vor 10V, f = IMHz) 
= = 50 
2mA, Vor 10V, f = 5O0OMHz) 


= 14mA, Vor 10V, f = SOOMHz) 18 


= 14mA, Vor = 10V, RE = 752, Vie = 150mvV, 


f(piq-r) = 493, 25MHz, see also page 4) -60 


25 x actual size 
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OUTLINE AND DIMENSIONS 
All dimensions in millimetres 


Plan view from above 


Identification code: 
P1=BFR92 


D3974 


0.437% 


RATINGS 
Limiting values of operation according to the absolute maximum system, 
Electrical 
Vv CBO max. 20 Vv 
v CEO max. 15 Vv 
VeRO max. 2.0 Vv 
Ig max. 25 mA 
P. max., T < 60°C, mounted on a ceramic 
tot amb — 
substrate of 15 x 10 x 0.5mm 180 mW 
Temperature 
T -65 to +150 °c 
stg ‘ 
a max, 150 Cc 
THERMAL CHARACTERISTIC 
Ra (j-amb) Thermal resistance between junction 
J and ambient, the device mounted on ‘ 
a ceramic substrate of 15 x 10 x 0.5mm 0.50 C/mWw 
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umin. N-P-N SILICON PLANAR 


EPITAXIAL U.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS or =25°C unless otherwise stated) 


Collector cut-off current 


oe 1, =0, Veg = 10V 
hop *Static forward current 
transfer ratio 
Io =14mA, Vor =10V 
"0 Kase eaeae 10V, f=500MHz 
Cc PCE : 
“Te ree a = f=1.0MHz 
Ee’ CB : ° 
“Te ee s at SV, f=1.0MHz 
Ce EB . 
<. Feedback capacitance, T, = 25°C 
1,=2.0mA, Vor™ 10V, f=1. OMHz 
N tNoise figure at optimum source 
impedance, T= 25°C 
In =2.0mA, Vor =10V, f = 500MHz 
Sum Max. unilateralized stage gain at 


T =25°C, calculated from 
amb 


S-parameters: 


2 
| Stel 
Sunt = 10 log i 2, a 2 
| Sie| [Soe ) 
I,= mA, Vop = lO, f =500MHz 


“Measured under pulsed conditions. 
{Crystal mounted in a BFR90 envelope. 
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Min. 


25 


Typ. 


0. 8 


0.7 


2.4 


18 


BFR92 


Max. 


GHz 


pF 


pF 


pF 
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ELECTRICAL CHARACTERISTICS (Cont'd) 


Intermodulation distortion at T = 25°C 
i, = i4maAs V.. = 10v, 7m” 
Cc ONCE 


RE = 758, V.S.W.R. <2 - -60 Z dB 


vo = V5 = 150mV at f = 495, 25MHz 
vV_=V_ -6dB atf = 503. 25MHz 
q 9 q 
Vv. = ee -6dB at f. = 505. 25MIIz +24V 


Measured at f = 493, 25MHz 
(p+q-r) 


Intermodulation test circuit: 


L1 = 4 turns of Cu wire (0. 35mm), 
winding pitch 1mm, int. dia. 4mm 
L2 = L3 = SuH 


Circles of constant noise figure 
O4713 


L..]} 
= 


g 
Gl Be 


50 GglmA/V¥) 100 
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Bmin. N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 


Da714 


Mullard 


DS245 
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Dag 


Voe=10V 

Ig 2mA 

Zs = optimum 
Tamb2=25°C 


a 


PE CRS GRRE RRR 
BER 


10"! 1 


STTTTTIIIIITITIIIITI IIIT ILLI 
SREGGESEe eee | 


f (GHz) 
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H min. N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFR92 


Vor 10V 
14 

To ss 

Th ae 


1000MH 
800 

500 
200 


Input impedance derived from 
input reflection coefficient s. 
coordinates in ohm x 50 et 


Vor 10V 
To ee 
Tamb 25°C 
180 
R sfer ff 
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min. N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFR93 


Silicon n-p-n planar epitaxial transistor in a micro-miniature plastic envelope. It 
is primarily intended for use in u.h.f. and microwave amplifiers in thick and thin 
film circuits, such as in aerial amplifiers, radar systems, oscilloscopes, spectrum 
analyers, etc. 


QUICK REFERENCE DATA 


= 60° 
b 10°C) 


= 30mA, Vor = 5V, f = 500MHz) 
2mA, Vor = 5V, f = IMHz) 0.8 


= 2mA, Vop = 5V, f£ = 500MHz) 1.9 


= 30mA, Vor = 5V, f = 500MHz) 16.5 
co 30mA , Vor = 5V, R = 752, VG = 300mV 


f = 493.25MHz, see also page 4 -60 
(piq-r) page 4) 


OUTLINE AND DIMENSIONS 


For details see page 2 


1 
25 xX actual size 
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OUTLINE AND DIMENSIONS 
All dimensions in millimetres 


Plan view from above 


Identification code: 
R1=BFR93 


03974 


0.43% 


RATINGS 
Limiting values of operation according to the absolute maximum system. 
Electrical 
Vv cpo ™4*: 15 Vv 
Vo EO ™4*- 12 Vv 
Vino max. 2.0 Vv 
Ia max. 35 mA 
P max., T < 60°C, mounted on a ceramic 
tot amb — 
substrate of 15 x 10 x 0.5mm 180 mW 
Temperature 
T -65 to +150 me 
stg ps 
Sf max. 150 C 
THERMAL CHARACTERISTIC 
ee Thermal resistance between junction 
th(j-amb) ‘ : 
and ambient, the device mounted on a 5 
ceramic substrate of 15 x 10 x 0.5mm 0. 50 C/mW 
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p min. N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS a =25°C unless otherwise stated) 


Min. Typ. 
I CBO Sea ai — are ; ; 
Bee CB. 
h *Static forward current 
FE ; 
transfer ratio 
= = 2 50 
Ig 30mA, Vor SV 5 
f *Transition frequency 
= = 7 7 5.0 
Ia 30mA, Vor 5V, f=500MHz 
Cre Collector capacitance 
=I] = = =1. - 0.7 
I, 1, 0, Vop 10V, f=1. OMHz 
Cre Emitter capacitance 
=] = =0.5V, f=1. - 8 
To I, 0, Vip 0.5V, f=1. OMHz i 
-C Feedback capacitance, T =25°C 
re amb 
1, =2.0mA, Vap5V> f=1. OMHz - 0,8 
N tNoise figure at optimum source 
j —950 
impedance, Tambo 2? Cc 
1, =2.0mA, Vap7¥> f = SOOMHz- Es 1.9 
Som Max. unilateralized stage gain at 
T =25°C, calculated from 
amb 
Ss -parameters: 
2 
G., = 101 [*tel 
UM ~~ °° as Ds 2 
[Sie )< [Seal ) 
= = = - 16.5 
Io 30mA, Vor SV, £=S500MHz 


*Measured under pulsed conditions 


{Crystal mounted in a BFR91 envelope 
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BFR93 


50 nA 


= GHz 


BFR93 Page 3 


ELECTRICAL CHARACTERISTICS (Cont d) 


d. tIntermodulation distortion at T =25°C 
im amb 
To = 30mA, Vor =5V, RE =: 759, VcSo W, Rese2 7 -60 4 dB 
V_=V_=300mV at f_ = 495. 25MHz 
Pp ce) Pp 
V_=V_ -6dBatf_ = 503. 25MHz 
q ° q 


V_=V_ -6dB at f. = 505. 25MHz 
r ° r 


Measured at Sas) = 493. 25MHz 


Intermodulation test circuit: +24V 


7520-—_ 


L1 =4 turns of Cu. wire (0.35mm), 

winding pitch Imm, int, dia. 4mm 
L2 =L3 = Su 04726 
tCrystal mounted in a BFR91 envelope 


Circles of constant noise figure 


u sine + 04726 
Gai f 
ain versus frequency T+ =500MHz 
(dB) ; Ip=30mA 
Tamb= 29°C 
typ. values | 
20 4 
ay) 
By 
Visa 
1/ 
if 
AY 1 
ASL 
ANS 
10 WN 
WN 
N 
; 
4 cI 
02 5 7 ee ‘ane "W0* 0 50 Gs(mA/V) 100 
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ymin. N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFR93 


pera? 04728 


04729 


(GHz) 
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04731 


4 2 5 
10 1 (GHz) 10 


tt Voge =5V 
[_| f=500MHz 
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BFR93 


pH min. N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 


Input impedance derived from 


oO 
a 
nm 
a 
a 
Yo 
ow 
mx 
oO 
Oo § 
ce 
g 
og 
ar 
rer 
Oo Nn 
oO” 
a 
3) 
BE 
3.4 
a§ 
=iRs) 


O 
Eee 
on N 
HT i 
m  £ 
io} oS 
> Ye 
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ymin. N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BFS17R 


Silicon n-p-n planar epitaxial transistor ina subminiature plastic envelope, intended 
for a wide range of v.h.f. and u.h.f. applications in thin and thick films. 


QUICK REFERENCE DATA 


Vopom ™3* 
max 
CEO 
1 max 
CM é 
P max., T = 25°C 
tot amb 
ay max 
bop atl =2mA, Vag =!V 
f,, typ., 1, =25mA, V = 5V, f = SOOMHz 


CE 


OUTLINE AND DIMENSIONS 


River 


max max Identification 
1.2 code E4=BFSI7R 
max 05700 


All dimensions in millimetres 
Plan view from above 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
7 1 25 
Vopom max. (peak value) Vv 
. = 1 
Voro max ere 10mA ) 5 Vv 
: 2:5 
Veo max Vv 
Io max. (d.c.) 25 mA 
low max. (peak tae 50 mA 
P max. T = 25 C, mounted on a ceramic 
tot amb 
substrate of 7 x5 x 0.5mm 200 mW 
Temperature 
-65 to +150 °c 
stg ‘ 
T, max, 150 Cc 
THERMAL CHARACTERISTICS 
Ru (eam) Thermal resistance between junction 
eam and ambient, the device mounted ona 6 
ceramic substrate of 7x5 x0.5mm 0. 62 C/mW 


Mullard 


BFS17R Page 2 


min. N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise stated) 


Collector cut-off current 


= =10 
1, 0, Vop 1V 


° 
2 =] = 
I, 0, Vor OV, a 100°C 


Static forward current transfer ratio 


la =2.0mA, Vor = 1.0V 


= =1, 
Io 25mA, Vor OV 


Transition frequency 


Ia = 2.0mA, Vop 72 OV, f=500MHz 


I = 25mA, Vor =5.0V, £=S500MHz 


Feedback capacitance 
I =2,0mA, Vor =5.0V, f= 1.0MHz 


Collector capacitance 


I, = I, =0, Voge 10V, f=1.0MHz 


Emitter capacitance 


Fong rap 


Noise figure 


ly = 2.0mA, Vor =5.0V, 


Rg = 502, f = SOOMHz 


Intermodulation distortion 


Ta = sae Vop7o WV, R, =37- 52, 
 & 225°C 

amb 
Vo = 100mv at fp = 183MHz 


V_ =100mvV at f, = 200MHz 
9 q 


= 0.5V, f=1.0MHz 


measured at f = 217MHz 
(2q-P) 


*Crystal mounted in a BFY90 envelope 
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Min. Typ. 
20 - 
20 7 
- 1.0 
- 1.3 
: 0. 65 
- 4.5 
- -45 


BFS17R 


Max. 
10 nA 
10 uA 

150 

= GHz 
= GHz 
pF 
1.5 pF 
2.0 pF 
- dB 
# dB 
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05657 


700 Vag (mv) 900 


aN 
A 
N 


oS 
(>) to) 
ae 
TL <aa SSS! 
UNS a 
N ‘ 


N 


x 
\ 


= 


a 
r\ 


+ 
Ty 
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BFS17R 


min. N-P-N SILICON PLANAR 


EPITAXIAL TRANSISTOR 


= os 
Se 
SB 
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Mullard 


DS659 


Crystal mounted in a 
BFYS0 envelope 
Vce = 5V 

f = 500MHz 
Rs = 500 
nee Tj = 25°C 


HHH 


oe | 


0 
0 0 20 VcplV) “30 0 10 Ict{mA} 20 


Crystal mounted in a BFY9O scaiaod : Voe=5V 
camer (GA WR 4 | a + Ip =2mA 


| N Ly Li | Zs = optimum | 
Tj = 25°C | 


0) Li U 
0.001 0.01 = 1 10 100 (MHz) 1000 
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ymin. N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BFS20R 


Silicon n-p-n planar epitaxial transistor in a microminiature plastic envelope, 
intended for i.f. and v.h.f. applications in thin and thick films. The device features 
a very low feedback capacitance, 


QUICK REFERENCE DATA 


max 30 Vv 
max 20 Vv 
max 23 mA 
max. T, = 25°C 200 = 
max. 150 G 
min. , 1, = 7mA, Vog = 10V 40 
typ. , Ia = SmA, Vor =5V, f = 100OMHz 450 MHz 
max., I, =ImA, V,,,=10V, f= 1MHz 0.4 pF 


OUTLINE AND DIMENSIONS 


lee 1.9 —~ 
o1 ] | 0.95 + 
é ihe | or 
to _- eee 
| | 
1325 
max max 


max = Identification 
code: G4=BFS20R 
max 05661 


0.85 | th 04 
[0.85 ; paren i Pe 


All dimensions in millimetres 


Plan view from above 
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RATINGS 


Electrical 
Vago max. 
‘ = 2.0mA 
Voro max (Ig ) 
VeRO max 
val max 
Tom max P 
P max. T = 25°C, mounted ona ceramic 
tot amb 
substrate of 7 x 5 x 0.5mm 
Temperature 
stg 
T max 


THERMAL CHARACTERISTICS 


Rin(j-amb) 


Thermal resistance between junction 
and ambient, the device mounted ona 


ceramic substrate of 7 x 5 x 0.5mm 


Limiting values of operation according to the absolute maximum system, 


30 

20 Vv 
4.0 

25 mA 
25 mA 
200 mW 
-65 to +150 °c 
150 °C 


0.62 °C/mw 


ELECTRICAL CHARACTERISTICS cv, = 25°C unless otherwise stated) 


Collector cut-off current 
1, = 9 Vop = 20V : 
= = =1 
IL, 0, Vop 20V, T; 00°C 
Base-emitter voltage 


la = 7.0mA, Vor = 10V 


Static forward current 
transfer ratio 
=a =10 
Io 7.0mA, Vor VV 


Transition frequency 
la = §.0mA, Vo = 10V, f = 1OOMHz 


E 
Feedback capacitance 
=1, ; =10V, f=1. 
lo 1.0mA Vor OV OMHz 
Collector capacitance 
=[ = = 10V, f=1.0) 
In L, 0, Vag OV IMTIz. 


Mullard 


Min. 


275 


Typ. 


740 


85 


450 


Max. 
100 nA 
10 pA 
900 mV 
= MHz 
0.40 pF 
S pF 
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pmin. N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BFS20R 


=10 a 
=25%C mt 


ypical values 
25°C 


Mullard 


BFS20R Page 3 


oH 


N 


10V 
25°C 


wan 
CHANCE 
i 
an 
CH 


Seei 


50b2 
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min. N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BFS20R 


Eeuese 
0 ERGGRGeEESS 


9 10 20 Veg (V) 30 
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MATCHED N-CHANNEL BFS2IA 
FIELD-EFFECT TRANSISTORS BFS? | 


Two matched N-channel silicon epitaxial planar junction-gate field-effect transistors in 
TO-72 metal envelopes, mounted together in an S-clip. 

This device is intended for low level differential amplifiers, sample and hold circuits, 
chopper circuits, etc. in instrumentation and control. 


QUICK REFERENCE DATA 
BFS21 BFS21A 


Gate cut-off leakage current 


= 950 = = 
T amb 25°C, Voa 15V, Ib 0.5mA <0.5 <0.5 
Differential gate-source voltage 
= 9250 = = 
Tab 25°C, Yog 15V, Ih 0.5mA < 20 <10 


Thermal drift of differential 
gate-source voltage 

= 9250 = = 
Tae 25°C, Yoo 15V, Ih 0.5mA <75 <40 pwV/degC 
Difference of penetration factors 


= 950 = = 
Tomb 25°C, Voc 15vV, Ih 0.5mA <1.0 <0.5 


Difference of transfer impedances 


= 259 = ee 
T amb 25°C, Vog 15V, Ib 0.5mA <15 <7.5 


Common mode rejection ratio > 60 > 66 


OUTLINE AND DIMENSIONS 
Two devices conforming to J.E.D.E.C. TO-72 mounted in an S -clip 


For details see page 5 
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RATINGS (of the total device) 


Limiting values of operation according to the absolute maximum system 


Electrical 
eax Voltage between any two terminals 30 Vv 
Ih max. Drain current 4.0 mA 
I G max. Gate current 0.5 mA 
wots ° 
Pot max. Total power dissipation Cas 100°C) 30 mW 
Temperature 
Tomb Operating ambient temperature -20 to +100 °C 
ELECTRICAL CHARACTERISTICS (total device, Tomb 2) © unless otherwise stated) 
BFS21 
Inssi Drain current ratio eee Bese 
wae Vong 15V; Veg" T.=25°C >0.95 >0.95 
DSS2 J <1.05  <1.05 
Vv -V | Differential gate-source voltage 
| Get. Gee 1,7 500uA, Voc =15V < 20 <10 mV 
1,* 100puA, Yoq= 15V <20 <10 mV 
A |v cisi ~ "ces | Thermal drift of differential 
rr. gate-source voltage 
amb b =500uA, Vog™ 15V <75 <40 yuV/degC 
=100uA, = < < 
Ib LA. Voc 15V 15 40 pV/degC 
= *Di i = 
4WVeis Vaasa | Differential gate- source voltage 
change with ambient temperature 
T = 25 to 100°C 
amb 
1,7 500nA, Vong LV <6 <3 mV 
1,7 100uA, Vpg™ LV <6 <3 mV 
Bos Difference of penetration factors (see note 1) 3 
A LL, =500pA, V.=15V <1 <0.5 10 
Bee D DG -3 
1h 100nA, Vg lV <1 <0.5 10 
| A a Difference of transfer impedances (see note 2) 
= = Rg 
B65 | Ip 500uA, Vong 15V <15 <7.8 Q 
1,7 l00uA, Yog™ 15V <75 <37.5 
CMRR Common mode rejection ratio (see note 3) 
1,7 500uA, Vong LV >60 >66 dB 
i= 100A, Vo" 15V >60 > 66 dB 


*Differential gate-source voltage _ Vv -Vv ~1V _y 
change with ambient temperature | GI1S1 c2s2|T | G1S1 G282| T 


amb2 ambl 
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MATCHED N-CHANNEL BFS21A 
FIELD-EFFECT TRANSISTORS BFS2I 


ELECTRICAL CHARACTERISTICS (contd.) 


NOTES 


1. The difference between the penetration factors is equal to the ratio of the change 
of the differential gate-source voltage ( AVgg) to the change of drain-gate voltage 
(Vpqg) with the drain current (Ip) constant. 


i.e, 
A 
A Bog - q Vos = 
U.S av. at 1h = constant 
Brg DG 


2. The difference between the transfer impedances is equal to the ratio of the change 
of the differential gate-source voltage { AVgg) to the change of drain current dp); 
with the drain-gate voltage Vy q) constant. 


i.e. dav 
4 Ey See at V__.. = constant 
Bes d Lh DG 
3. The common mode rejection ratio 
g 
1 ‘os 1 1 
4S + fg . A= 
CMRR Erg 2 "cs Bes 


where og in this formula is the output 
conductance of the summing current 
source. 


The guaranteed values of C MR R apply 
at Bag 0.1ymho. 
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RATINGS (of the individual field-effect transistor) 


Limiting values of operation according to the absolute maximum system. 


Electrical 
+ s 
Vy s max 


Temperature 


T 
stg 


a max. 


Drain-source voltage 
Drain-gate voltage (open source) 
Gate-source voltage (open drain) 
Drain current 

Gate current 


Power dissipation (T,_., < 25°C) 


Storage temperature 


Junction temperature 


THERMAL CHARACTERISTIC 


Rin(j-amb) 


for individual transistor without 
S-clip in free air 


300 


-65 to +200 
+200 


0. 


< 


mA 


mw 


59 degC/mW 


ELECTRICAL CHARACTERISTICS (of the individual field-effect transistor) 


Tamb7 22 C unless otherwise stated 
I G ee cia 
D > “DG 
1, = 500uA, Vogs 15V, T mb 
‘DSS “ie IBV, Vag" 0, T; = 25°C 
Ym Se 
‘s a ete, tant 
D ’ "DG . 
¥os ae Side Vo Cie f=1kHz 
D > “DG , 
is Le Se 1sv, f=1MHz 
D > “DG o 
“rs : is ee f= 1MHz 
D > “DG : 
‘a riba, toes anne 
vB 7. siey. ech Fe 10Hz 
DG > "Gs ”’ 


- Mullard 


=100°C 


<0 
<25 


>1 


<6 


>1. 


<15 


<5. 


<0 


< 200 
<75 


5 


BOB 


0 mA 


0 v 


0 mmho 


umho 


0 pF 


75 pF 


nV/V Hz 
nv/V Hz 
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MATCHED N-CHANNEL BFS21A 
FIELD-EFFECT TRANSISTORS BFS? | 


OUTLINE AND DIMENSIONS 


1.16max  5.8max 


12.7 min ) ) 
t (| ff (i 0.48max diameter of leads 


controlled from bottom 
1) = shield lead (connected to case) to 12.7mm. 


Alt dimensions in mm 01222 


SOLDERING AND WIRING RECOMMENDATIONS 


1. Devices may be soldered directly into a circuit with a soldering iron at a maximum 


iron temperature of 245°C for a time of up to 10 seconds at least 1.5mm from the 
seal. At an iron temperature of 245°C to 400°C the maximum soldering time is 5 
seconds at least 5mm from the seal. 


. These devices may be dip-soldered at a solder temperature of 245°C for a maxi- 
mum soldering time of 5 seconds. The case temperature during dip-soldering must 
not at any time exceed the maximum storage temperature. These recommendations 
apply to a device mounted flush on aboard having punched-through holes, or spaced 
at least 1.5mm above a board having plated-through holes. 


. Care should be taken not to bend the leads nearer than 1.5mm from the seal. 


. If devices are stored at temperatures above 100°C before incorporation into equip- 
ment, some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the leads 
should be retinned using a suitable activated flux. 
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SILICON N-CHANNEL BFS28 
DUAL-INSULATED-GATE 
FIELD-EFFECT TRANSISTOR 


The BFS28 is a silicon n-channel, depletion-type dual - insulated ~ gate 
M, 0.58. field effect transistor. It is intended fora wide range of applications 
in communications, instrumentation and control. 


QUICK REFERENCE DATA 


Vos max. Drain-source voltage 20 Vv 
Voig max. Gate 1-source voltage 8.0 Vv 
+ = 
*Vaos max. Gate 2-source voltage 8.0 Vv 

h max. Drain current 20 mA 

P tot max. Total device power dissipation 

(T =25°C) 200 mW 
amb j 
Maximum junction temperature Cc 


T, max. 
J 


Characteristics 


ly =10mA, Vp 


=13V, V =+4.0V 


S G28 

\Yes| typ. Small signal forward transfer 

admittance in common source 

(f£=1kHz) 13 mmho 
G, typ. Power gain (f= 200MHz) 18 dB 

20... typ. Feedback capacitance (f= 10MHz) 25 {F 

N typ. Noise figure at optimum source 

admittance (f= 200MHz) 3 


OUTLINE AND DIMENSIONS 


Conforms to J,E,D.E.C. TO-72 
B.S. 3934 SO-12A/SB4-3 


For details see page 4 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vos max. 


Vais max. 


Vaes max. 


+V max. 
— G1SM 


“Vaosm max. 


Kh max. 


Pp tot max. 
Temperature 


T min. 


stg 
stg 


T, max, 
J 


Drain-source voltage 
Gate 1-source voltage 
Gate 2-source voltage 


Non-repetitive peak gate 1- 
source voltage (t<10ms) 


Non-repetitive peak gate 2- 
source voltage (t=10ms) 


Drain current 


Total device power dissipation 
5250 
(Tamb* oe) 


THERMAL CHARACTERISTICS 


Rin(j-amb) 


20 Vv 
8.0 Vv 
8.0 Vv 

50 Vv 

50 Vv 

20 mA 

200 mW 
-65 % 
+135 °c 
+135 °c 


0.55 degC/mW 


ELECTRICAL CHARACTERISTICS (Tomb ~ 25°C unless otherwise stated) 


Min. 


-V Gate 1-source cut-off voltage 


Vos 20V, T= 100A, Vagos *4V 


i 


-V Gate 2-source cut-off voltage 


Vng= 20V; 1, =50nA, Vais"? - 


-V Gate 1-source voltage 


1,=10mA, Vpg718V; Vv 
1)=4mA, Vv 


Gl 


T; =135°C 


— G2 


T,=135°C 


ces” *tV 0.6 


=10V, V =+4V 1.0 


DS G2s 


Gate 1 leakage current 
+V_,, =8V, V 


Gas? Yps=* 


Gate 2 leakage current 
+V..,=8V, V 


=0, V..=0, 


Gis Ds 


Mullard 


Typ. Max. 
- 5.0 vV 
- 4.0 Vv 
- 2.8 Vv 
i 3.2 Vv 
- 1.0 nA 
- 1.0 nA 
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SILICON N-CHANNEL BFS28 
DUAL-INSULATED-GATE 
FIELD-EFFECT TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 
Small signal y-parameters (see also graphs on pages 6 and 7) 
T)=10mA, Vp o=13V, Vgag=t4V, T =25°C 
am 


DS b 
Min, Typ. Max. 


G2s 


Yes | Forward transfer admittance 
f=1kHz 8 13 -  mmbho 
f£= 200MHz - 12 -  mmho 
{£=500MHz - 11.3 - mmho 


-C Feedback capacitance : 
f=10MHz - 25 - fF 


G Power gain 
T)=10mA, Vos" 13V, Voes™ 
f= 200MHz, Go= 1.3mmho, G, 


Bo and BL tuned for maximum gain - 18 - dB 


+4V, 
=1mmho, 


G Max. unilateralised power gain 
(see note 1) 1,=10mA, Vog7 18V: 


Vaog= *4V> f= 200MHz - 20.5 - dB 
£=500MHz - 7.9 


N Noise figure at optimum source 
admittance 
ih =10mA, V 


f= 200MHz, 


=13V,V =+4V, 


DS 


Ss(opty BP 
. =5.5mmho - 3.0 4.0 dB 


G2s 
. =1,.4mmho, 


B 
(opt) YP 
NOTE 
2 
Vtg 


1, G =10 log 
UM 4 Fs 
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OUTLINE AND DIMENSIONS 


Conforms to J.E.D.E.C. TO-72 


pos Millimetres 
Min. Nom. Max. 
A - - 4.8 
B = - 5.3 
Cc 12.7 - 
D = 0.43 = 
E - 1.0 - 
F - 1.05 - 
G - 2.54 - 
H 5.3 §.55 5.8 
‘ Connections 

1. Drain 

1 2. Gate 2 
3. Gate 1 

4 4, Source and substrate connected to 


case. 


SOLDERING AND WIRING RECOMMENDATIONS 


Ls 


Devices may be soldered directly into a circuit with a soldering iron at 
amaximum iron temperature of 245°C for a time of up to 10 seconds at 
least 1.5mm from the seal. At aniron temperature of 245°C to 400°C the 
maximum soldering time is 5 seconds at least 5mm from the seal. 


These devices may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage tem- 
perature. These recommendations apply to a device mounted flush on a 
board having punched-through holes, or spaced at least 1.5mm above a 
board having plated-through holes. 


. Care should be taken not to bend the leads nearer than 1.5mm from the 


seal. 


. If devices are stored at temperatures above 100°C before incorporation 


into equipment, some deterioration of the external surface is likely to 
oceur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated flux. 


HANDLING NOTE 


To exclude the possibility of damage to the gate oxide layer by an elec- 
trostatic charge building up on the high resistance gate electrode, the device 
is fitted with a conducting rubber ring around the leads. This ring should 
not be removed until after the device has been mounted in the circuit. 
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SILICON N-CHANNEL BFS28 
DUAL-INSULATED-GATE 
FIELD-EFFECT TRANSISTOR 
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“74 [TT] 
V// 2en8 a REeeee 
seers trrttittittitritittitt rt 


2 0 2 VigiV) 


F4BFS28 89692 


400 (MHz) 600 


Mullard 


BFS28 Page 6 


SILICON N-CHANNEL 
DUAL-INSULATED-GATE BFS28 
FIELD-EFFECT TRANSISTOR 


400 ¢(MHz) 6 
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0 2 4 
O PERE BFS26- er ees] (IL BRS2er- Te i Tpases 
Hi Ht SLES f=200MHz HH 
oH TH Yq = 1.4-j5.5 
: = ipschY, te 
HVeas-4¥ HEH 
aan | oe 


She 
HHL: : 
tt} He 
va 4h: +t ‘ 
etevetsesste ae ES ee 
Senna ieaaen let 
(mmho) ttt Lr aa friitte! aden ruabaceaugeees 
dasa a sGscsaa cased seuss shana scent MMU ceeseceral cesta ceca! : 
0 5 10 Tpimay'5 
Circles of constant typical noise figure Typical noise fig are versus 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFT 24 


Silicon planar epitaxial n-p-n transistor in a subminiature plastic T -package, pri- 
marily intended for use in u.h.f. low power amplifiers such as in pocket phones, 
paging systems, etc. 


The transistor features low current consumption (100uA -lmA), excellent wideband 
properties and low noise up to high frequencies. 


| QUICK REFERENCE DATA 
Varo max, 8.0 
CEO ™a* 5.0 
Io max. ; 2.5 mA 
P ot max. (Tomb = 135°C) 30 mW 
T; max. 150 °C 
fr typ. (I, = 1,0mA, Vor = 1.0V, f = 500MHz) 2.3 GHz 
Cre max. (Il, =1.0mA, Var = 1-0V, f = 1.0MHz) 0.4 pF 
N typ. (I, = 1.0mA, Vor = 1.0V, f = 500MHz, 
at optimum source impedance) 3.8 dB 


typ. (I, =1.0mA, V 


CE 1,0V, f = SOOMHz) 


OUTLINE AND DIMENSIONS 


12.5 8.3 
min 2,7 


b 
0.8 max 
1.6 max 


04803 


All dimensions in millimetres 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vv CRO max. 8.0 
VoEo max. : 5.0 
VeRO max. 2.0 
I Cc max. 2.5 
Tom max. (peak value, f > 1.0MHz) 5.0 
° 
Prot max (Tamp = 135 ©) 30 
Temperature 
T -65 to +150 
stg 
vf tae max. 150 


THERMAL CHARACTERISTIC 


Thermal resistance from junction 
to ambient in free air, mounted on 
a glass-fibre print of 40x25 ximm 0.5 


Rin (j-amb) 


DI091 


All dimensions in mm 


All dimensions in mm 


Requirements for a glass -fibre print 


Mullard 
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°C/ mW 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Tj = 28°C unless otherwise stated) 


Vor (sat) 


Ve (sat) 


Collector cut-off current 
In 2, Vor =5.0V 


Static forward current transfer ratio 
L, = 10uA, V =1.0V 


Cc CE 

Ia =1.0mA, Vor =1.0V 
Collector -emitter saturation voltage 

In = 10uA, Ih = 1, 0uA 

Ia =1,0mA, Ih = 0.1mA 
Base-emitter saturation voltage 

Ta = 10ynA, I; = 1. 0uA 

=1,0mA, I, =0. 

a mA I, 0. ImA 
Transition frequency 

Io =1.0mA, Vor = 1.0V, f = SOOMHz 


Collector capacitance at f = 1.0MHz 


1, =1,=9 Vop = 0-5V 


Emitter capacitance at f = 1.0MHz 
L.. = I, =0,V =0 


Cc EB 
Feedback capacitance at f = 1.0MHz 3 
I, =1.0mA, Vor =1,0V, Tomb72° Cc 


Noise figure at optimum source ms 
impedance, f = 500MHz, T = 25 C 
amb 
Ia =0.1lmA, Vor =1.0V 


Io =1.0mA, Vor =1.0V 


Max. unilatera] power gain is 
(s__ assumed to be zero), T =25C 
re am 


b 
=l1. =1.0V, = 
Iu OmA, Vor 1.0V, f = 200MHz 
Iu =1,0mA, Vor = 1.0V, f = SOOMHz 
Ia =1.0mA, Vor =1.0V, f = 800MHz 
2 
| Ste 


Som (in ab) =10 logq 


*Measured under pulse conditions. 


Mullard 


< | Sie|2G - | Bete) 


Min. Typ. 


Max. 

50 nA 
100 mV 
125 mV 
700 mV 
850 mV 
= GHz 

0.55 pF 
0.45 pF 
0.4 pF 
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HEE H 4 
a> 
<a 


See eee 


HE} +H He EH 


1.0 15 20 I,(mA) 
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BFT 24 


EPITAXIAL U.H.F. TRANSISTOR 


N-P-N SILICON PLANAR 


05623 


25°C 


Veg 2l¥ 

f = 500MHz 
Zs = optimum 
I¢{mA) 


Tamb 
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Input impedance derived from 
in, i i 


put reflection coe 
coordinates 


in ohm x 50 
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BFT 24 


EPITAXIAL U.H.F. TRANSISTOR 


N-P-N SILICON PLANAR 


BFT24 Page 7 
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pmin. N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFT25 


Silicon planar epitaxial n-p-n transistor in a microminiature plastic envelope, pri- 
marily intended for use inu.h.f. low power amplifiers, in thick and thin film cir- 
cuits such as in pocket phones, paging systems, etc. 


The transistor features low current consumption (100uA -1mA), excellent wideband 
properties and low noise up to high frequencies. 


QUICK REFERENCE DATA 
Varo max. 8.0 Vv 
CEO max. 5.0 Vv 
la max. - 2a 9 mA 
Prot max. Camb 135°C) 30 mW 
a max, 150 °C 
fr typ. ly =1.0mA, Vop= }: OV, £=500MHz) 2.3 GHz 
= 1.0mA, =1.0V,f=1. 3 

Cag max (I, 1.0mA Vor 1.0V, f =1.O0MHz) 0. 45 pF 

B =1. , =1.0V,f= , 

N typ cre 1.0mA Vor OV, £ =500MHz 
at optimum source impedance) 3.8 dB 

f =1.0mA, =1.0V,f= 

Sum typ ore 1.0mA Vor OV, f =SO00MHz) 18 dB 


OUTLINE AND DIMENSIONS 


f+ 2.9 max 


Pees 


aa - 
05 e i b 
r = | 
1 1.3 25 
0.01 | max max 
min 
1 
0.85 _| "| 043 
max max = Tdentification code 
4.2 V1= BFT25 
max 05666 


All dimensions in millimetres 


Plan view from above 


Mullard 


JULY 1973 BFT25 Page 1] 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vo 0 max. 8.0 Vv 
Vv max. 5.0 Vv 
CEO 
Vv 
Veno max 2.0 
I Cc max. 2.5 mA 
low max. (peak value, f > 1.0MHz) 5.0 mA 
Pp max. (T = 135°C, mounted on 
tot amb 
a ceramic substrate of 15x10x0.5mm_ 30 mW 
Temperature 
-65 to +150 °C 
stg 
ee max. 150 we 
THERMAL CHARACTERISTIC 
Rix Thermal resistance from junction 
th(j-amb) 5 ‘ . 
to ambient in free air, mounted on 4 
a ceramic substrate of 15x10x0.5mm 0.5 C/mWw 
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min. N-P-N SILICON PLANAR | 
EPITAXIAL U.H.F. TRANSISTOR BFT25 


° 
ELECTRICAL CHARACTERISTICS oe = 25 C unless otherwise stated) 


Min. Typ. Max. 
Collector cut-off current 


=0, =5. = é 
I, Von 5. OV 50 nA 
“hop Static forward current transfer ratio 
1, = 10pA, Vog = 1-0V 20 30 = 
=i, , =1.0 A 
Ia 1,0mA Vor VV 20 40 
Vv Collector -emitter saturation voltage 
ea, I, = OWA, 1, = 1.0uA : : 200 mV 
Ta =1.0mA, 1, = 0. 1mA ~ - 175 mV 
Vv Base-emitter saturation voltage 
BE(sat) Tg = 10HA, 1, = 1.0HA : : 750 mV 
ly =1.0mA, I, = 0. 1mA - - 900 mV 
"fp Transition frequency 
1, = 1.0mA, V =1.0V,f=500MHz 1.2 2.3 - GHz 
Cc CE 
Cre Collector capacitance at f = 1. OMHz 
1, =1,=9 Vop = 0: 5V - = 0.6 pF 
Cre Emitter capacitance at f = 1.0MHz 
In 1, =9 Vip 79 - - 0.5 pF 
Cle Feedback capacitance at f = 1.0MHz ‘ 
Ia =1.0mA, Vop71-OV. Thy 228 Cc - - 0.45 pF 
N Noise figure at optimum source 5 
impedance, f = 500MHz, T =25C 
amb 
1, = 0.1mA, V,, = 1.0V - 5.5 - dB 
1, = 1.0mA, Va, = 1.0V - 3.8 7 dB 
Gum Max. unilateral power gain 5 
(s__ assumed to be zero), T =25°C 
re amb 
I, =1,0mA, V4, = 1.0V, £=200MHz - 25 ~ dB 
I, =1.0mA, Vo = 1. OV, £ =500MHz = 18 = dB 
I, =i.0mA, Vp, = 1.0V, f£=800MHz - 12 = dB 
3 
G__.. (in dB) = 10 log |*re| 
~ 2 2 = 2 
oe | 54 a [Soe ) 


*Measured under pulse conditions. 
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p min. N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFT25 


05667 


Veg =1V 
f = 500MHz 


Zs = optimum 
| Tamb 225°C 
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CE . 
=1,0mA 
I 
Tomb =25C 
0.2 
+) 
t | : 
0 0 
=} 
0 
Input impedance derived from — —“‘“—™S PCN 868 
input reflecti ffici 


ection coefficient s. 
‘ ; ie 
coordinates in ohm x 50 
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min. N-P-N SILICON PLANAR . 
EPITAXIAL U.H.F. TRANSISTOR BFT25 
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N-CHANNEL SILICON BFW10 
FIELD EFFECT TRANSISTORS BEW11 


N-Channel depletion mode silicon epitaxial planar junction field effect transistors 
designed for use in wide -bandamplifiers (0 to 300MHz). Their very low noise figure 
at low frequencies makes them suitable for differential amplifiers, electromedical 
and nuclear detector pre -amplifiers. They are in TO-72 encapsulation with a shield 
lead connected to case. 


QUICK REFERENCE DATA 


*Vps max. 


max. (open drain) 


fe) 
bp <25°C) 


Ings Wing = IV, Vag = min. 


max. 
max. (py =0. 5nA, Vos =15V) 
=15V, 


“Vipycs 
C., max. (f=1.0MHz, V 


Vago) 


| Yes | min. (f=200MHz, V 


Vos =0) 


N max. (f= 100MHz, Vos =15V, 


Ves =0, Rg = 1kQ) 
V_/ VB max. (f=10Hz, B=5.0Hz) 


DS 


ps 7 2°¥; 


Unless otherwise stated, data are applicable to both types 
OUTLINE AND DIMENSIONS 


Conforms to J.E,D, E,C. TO-72 
B.S. 3934 SO-12A/SB4 -3 


1.16 
max 
0.48 
max 
d I —— 
Fi ‘ 4.17 mink | amare | 
ex Ss 
5.3 i 
max 12.7 min 
All dimensions in mm 
02967 
Insulated electrodes *Shield lead (connected to case) 


Accessories available: 56246, 56263 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Temperature 
min. 
r max. 


‘ max, 


THERMAL CHARACTERISTIC 


Reng j-amb) 


ELECTRICAL CHARACTERISTICS (T= 28°C unless otherwise stated) 
BFW11 


-I Gate cut-off current 


Vi.=15V, V4, =9 


Vv Gate -source voltage 
1, =400uA, Vos =15V 


GSS 
Vos 
Ves 
T,=150° 
¢ iy 
Inss Drain current 
DS 
GS 


T,=50HA, Vos =15V 


Drain current 


Gate current 


Drain-source voltage (V Gs= 0) 
Drain-gate voltage (open source) 


Gate -source voltage (open drain) 


Power dissipation (T, < 25°C) 


max, 


max, 


*Measured under pulsed conditions. 
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0.59 °c/mw 


0.1 nA 


0.5 BA 


4.0 mA 
10 mA 
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N-CHANNEL SILICON 
FIELD EFFECT TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 


BFW10 
Nags Pe ee aes. Sas 
D * "DS 7 
y-parameters 7 
Vos = l5v, Vos =0, Tomb? Cc 
f= 1. 0kHz 
y, Transfer admittance min. 3.5 
| ¥ss | 
max, 6.5 
} Yos| Output admittance max, 85 
f=1, OMHz 
ion Input capacitance typ. 4.0 
is 
max, 5.0 
-C Feedback capacitance typ. 0. 6 
ts 
max, 0. 80 
f=200MHz 
| Yes | Transfer admittance min, 3.2 
Bis Input conductance max. 800 
855 Output conductance max. 200 
a : tas Oo, 
N Noise figure, Tamp 72> Cc 
f=100MHz, Rg = 1kQ 
Vog =I5V, Vas =0, (input 
tuned to minimum noise) max. 2x0 
V7 VB _— Equivalent noise voltage 
Vos = 15V, Vas =0, f=10Hz, 
T.  =25°C max. 75 
amb 
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BFW10 
BFW11 


BFW11 
6.0 Vv 
3.0 mA/V 
6.5 mA/V 
50 pA/V 
4.0 pF 
5.0 pF 
0.6 pF 
0. 80 pF 
3.2 mA/V 
800 pA/V 
100 pA/V 
2.5 dB 
75 nv/VHz 
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10 Vps(Vv) 20 


SULT 
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BFW 10 
BFW 11 


FIELD EFFECT TRANSISTORS 


N-CHANNEL SILICON 


03616 


Ly eL 


aa i eae 


} 


if cee 


HH 
oO 


wo 
° 
a 
> 
' 
c 
@ 
= 
re] 
o 
a 
c 
2 
ev) 
3 
@ 
2 
= 
r} 
vo 
3 
2 
a 
~ 
e 


and Ipss 


20 
=0 (mA) 


Ipss at Vos 
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Vp5=15V 
f=1kHz 
Tamb=25°C 


EEE 


fe 


0 25 5 


5 10 125 Ip(mA) 15 


typical values 
Vo5215V 
Fa1kHz 
Tamb =25°C 


12.5 Ip (ma) 15 
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N-CHANNEL SILICON BFW10 
FIELD EFFECT TRANSISTORS BEW11 


6 53608 1.5 — 
TTA 
aaaaa Er] sea Ba 
typical values 
Cie FEEEEHTTH Tramps 25°¢ HY ~Crs 
(pF) Lf ne rT} tPF 
sane = a a 
Tann8 H C1 Hy 
4 ae ae 4 an 
\GHES Seeneene | 
PRSSCEEEHE EEE 
HARSCCH HEE 
CHS cod 
SY 
CSR 
pos PPR 
a a 
EEE HHH 
SEGRRRESRERSSRSES 
EEE 
COC ee 
CECE 
BCE 
COP COP 
COO SannGneen an 
CCorcrr CECE 
0: COM 9 COREE eer 


ft) 5 Vos (V) 10 0 5 “Vos (V) 40 
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10 102, # (MHz) ~—-103 10 102 f (MHz) ~— 108 


Sos 
(pA/V) 


10? 


10 102 # (MHz) ~—-10° 10 10? # (MHz) 108 


Mullard 


BFW10-Page 8 


N-CHANNEL SILICON BFW10 
FIELD EFFECT TRANSISTORS BFW11 


104 


F—— Ee Bw 
{typical values -—+—}-} 
H [| th24mA = 


Tamb=25° f Tamp= 25°C 
- meill i ii AM im i 
10? = ill or 10° 
EA 
[— a 5 


3 
10° 


10? 


10 102, f (MHz) ~— 102 f (MHz) 10° 


->——+ —F + EH ——_F TB wit 
typical values -—}—_ } 4 

as ee 

Po 


[sewn] 


Ht 


Ht 
yoo 
| 


Sts 


10 107 # (MHz) ~— 10? 10 107, # (MHz) ~— 10? 
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107) 


BFW10 Ip 


40° f (Hz) 


Hill BFWi0 il 


a Bew44 


BFW11 Ip 


=&4 mA 


40© + (Hz) 


10? 
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BFW 10 
BFW11 


FIELD EFFECT TRANSISTORS 


N-CHANNEL SILICON 


[=] 
AMMO TT MNT MTT Mm nn mn qs 
> TT NIT TT Ts 
WS LL OUTTA TT TTTTTT 
Mest NE] = 
me = rf 
WT LTE ETN TTT = 
TTT TOT TTI TT 
1 lS Hina 
ES ii 
TT TTT PN Te 
MTT TOT TTT TNT IT = 
MET Tt MT TTT TSN TTT 
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N-P-N SILICON PLANAR . 
EPITAXIAL U.H.F. TRANSISTOR BFW I6A 


N~-P-N silicon planar epitaxial, multi-emitter transistor with extremely good inter- 
modulation properties and a high power gain. The BFW16A is primarily intended 
for the final and driver stages of channel and band aerial amplifiers with high output 
power in bands I to V (40-860MHz), and for the final stage of wideband vertical 
deflection amplifiers in high speed oscilloscopes. Encapsulated in a metal TO-39 
envelope with the collector connected to case. The BFWI16A is a ruggedized version 
of BFW16, which it succeeds. 


QUICK REFERENCE DATA 


Vopom ™* 


Voro max. 


low max. (f >1.0MHz) 


a < 9 
Prot max (Uae < 125°C) 


+; max. 

fy, typ. (Ig=150mA, VQ,,=15V, £=500MHz) 

~C,,, typ. (I,=10mA, V.,=15V, f=1.0MHz) 

G_typ. @,=70mA, V_,_.=18V) f=200MHz 
P - is f= 800MHz 

P_typ. (,=70mA, V_,__=18V) f= 200MHz 
2 v cr f=800MHz 


OUTLINE AND DIMENSIONS 


Conforms to B.S. 3934 SO-3/SB3-3B 
J.E.D.E.C. TO-39 


Millimetres 
— Min. Typ. Max. 
A 9.10 - 9.40 
c B 8.2 - 8.5 
Cc 6.15 - 6.60 
oh Th nee] D - 5.08 - 
PoE, | E 0.71 a 0.86 
= & Fl - - 0.51 
1-4" | F2 12.7 - - 
F3 12.7 - 15 
Gl - = 1.01 
G2 0.41 a 0.48 
G3 = = 0.53 
H = 0.4 = 
J 0.74 - 1.01 


Collector connected to case 
Accessories available:- 56218, 56245, 56265 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vosom max. (peak) 40 Vv 
Vorrm Max: (peak, Ryp $509, 1,=10mA) 40 Vv 
2 cae 
Voro max do Om4A) 25 Vv 
VERO max. 2.0 Vv 
1, max 150 mA 
Toy max. (f > 1-0MHz) 300 mA 
O 
Prot max. (T case < 125°C) 1.5 WwW 
Temperature 
min. -65 i 
stg 
max. 200 . 
stg 
T, max. 200 2 
THERMAL CHARACTERISTICS 
Ren (j-amb) in free air 250 degC/W 
Ru babe) 50 degC/W 


when mounted with a top 

clamping washer of accessory 

56218 and a boron nitride 

washer for electrical insulation 1.2 degC /W 


Rin(case-h) 


ELECTRICAL CHARACTERISTICS (2,=25°C unless otherwise stated) 
Min. Typ. Max. 
Collector cut-off current 
Vop720V> 1,79, T,= 160°C - - 20 vA 


Vv Collector-emitter knee voltage 
1, =100mA, 1, =the value for 


Cc 
pg tov < 2 0.75 Vv 


which I, =110mA, at V 


Cc 


YCEKk 1.0V Vee) 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS (contd.) 


FE 


Min. Typ. 


Static forward current 
transfer ratio 


1,=50mA, Vag OV 25 “ 


1,=150mA, Vint 5.0V 25 - 


Transition frequency 


£=500MHz - 1.2 


Collector capacitance 


Vop718V, 1, =1,70 


f=1.0MHz os ve 
Feedback capacitance 
1,=10mA, Vor” 15V, 


=l1, T =25° - 1. 
f=1.0MHz, T, = 25°C 7 


Noise figure 
1,7 80mA, Vops SV, 


f=200MHz, R_=752, T = 25°C - - 
s amb 

Power gain (not neutralised) 

1,=70mA, Vox 18V, 


Tap 25°C £=200MHz = 16 
= f =800MHz 2 6.5 


Intermodulation characteristics 


P 


ie) 


Output power (see test circuits) 
1,=70mA, Vog 18V> v.s.w.r. at output <2, 


intermodulation factor =-30dB, T =25°C 
amb 


£=200MHz, f ,=202MHz, 


f= 205MHz, 

f =208MHz (channel 9 130 150 
(2-P) : ; 

f= 800MHz, i. 798MHz, 

f= 802MuHz, 

f = 806MHz (channel 62 70 90 
(2a-p) ; ) 
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POWER OUTPUT TEST CIRCUIT (f=200MHz) 


BFWI16A 


3.9p 


Choke 
D1180 


L, = 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, int. dia. 
8mm, taps 1.5 and 0.5 turns from earth. 


L, = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
8mm. 


L, = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia. 
8mm. 


L, = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
11mm. 
ADJUSTMENT OF TEST CIRCUIT 
Basis of adjustment 


Intermodulation distortion at dj,, = -30dB is caused by clipping in h.f. output cur~ 
rent and voltage. 
The maximum undistorted output power is attained when 


a) Clipping in current and voltage is simultaneous; this occurs if 


Road ? Vor Voed/Io 


Where Ving is the high frequency knee voltage 


k 


b) The h.f. collector current is as low as possible; this occurs if 


- + 
load Coe 
Where Coe is the output capacitance of the transistor with short-circuited input. 


Experimentally obtained values of Rioad and Cjggq, for maximum output power at 
an intermodulation factor of -30dB, are: 


= 2202, C = -5.6pF 


Road load 


In this case 4pF are provided by Cogof the transistor itself and 1.6pF by the mount- 
ing system, with the boron nitride washer between the transistor and the chassis. 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFWI6A 


ADJUSTMENT OF TEST CIRCUIT (contd.) 
Procedure 


1. Remove the transistor and connect a dummy, consisting of a 2202 resistor in 
parallel with a5.6pF capacitor, between the collector and the emitter connections 
of the output circuit. 

2. Tune and match the output circuit for zero reflection at 205MHz (i.e.,v.s.w.r.=1). 

3. Replace the dummy by the transistor. Tune and match the input circuit for maxi- 
mum power gain and good bandpass curve. The v.s.w.r. of the output will then 
be <2 over most of the channel. Corrections can be made by tuning L,. 


POWER OUTPUT TEST CIRCUIT (f= 800MHz) 


Ly = 25 x 7x 0,85mm silver plated copper strip, input tap at 5mm from earth. 
Lo = 13 turns of 0.6mm enamelled copper wire, int. dia. 8mm. 
Lg = 1.5 turns of 1.3mm copper wire, int. dia. 8mm. 


ADJUSTMENT OF TEST CIRCUIT 


At 800MHz a dummy cannot be used to adjust for optimum collector load, because 
at these frequencies the impedance transformations of the dummy are too high. 

A small signal with a frequency of the midchannel 802MHz is fed to the input. The 
signal is increased until clipping occurs, that is until the output power no longer 
increases linearly with increasing input signal. Care should be taken not to allow 
the voltage swing to exceed the Vopr value as this may result in the destruction of 
the transistor by second breakdown. 

The output circuit is then tuned to eliminate clipping. 


The output Po is given by 
Polo cE -Vq,)/2 = 480mW 
where Voo is the high frequency knee voltage 


Keeping the input signal as small as possible at P)=480mW, the output circuit is 
adjusted for minimum intermodulation. The input circuit is then adjusted for maxi- 
mum gain and good bandpass curve. The v.s.w.r. is found to be <2 over the whole 
channel. 
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P, rH Ba4ait 
a iBFW 
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5 a ‘ at inal 
-ECEEHH 
i 
1:0 HH 1 oo a 
ff tf ye On infinite heatsink 
Phere 4 with a boron nitride 
ald i washer. 
j = 25} On a 50cnv heatsink 
Has eee ee, CTT. eg. chassis) with a 
osr Sw boron nitride washer} 
; Poo POT 
t : : 
i ml I = 
EEE Et COE HA rt 
t{Permissible areas of operation Ls Cl 
i me un ‘oe ie ai i Sal 2 ee - ig i | 
o EEESHEEHH S04 Sec cdeaaeeasa Genes idee 


fe) 50 100 150 200 Tamp(°C) 
MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST 


AMBIENT TEMPERATURE 


te BFW16A +H eee 
(mA) 2 oon C a 
300 
H mm 
aon ag | | f cf 
Ceerer im I im 
200 { : 
sueeeueean. ea | Seerace 
100 - 7 co f ia] 
Ergae 
pony ter oy Ht 
nae! + . 4 t T t me } 
Cr [ Te H 
is —H Tr 
fe} i- FH aa i" Rea sy + ret 
oO 10 20 30 40 Voce (v) 
AREAS OF SAFE OPERATION 
I. D.C. and A.C. operation is allowed under all base-emitter conditions, 
provided no limiting values are exceeded. 
Il. Operation is allowed under all base-emitter conditions. at f 2 1MHz, 
provided no limiting values are exceeded. 
fil. Operation is allowed under pulse conditions, provided the transistor is 


cut-off, R__<=502, and f=1MHz. 


BE 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFWI6A 


100 


50 


0 5 10 15 20 Veg (Vv) 


TYPICAL OUTPUT CHARACTERISTICS 


0 42 10 10% Ig(pa) 
TRANSFER CHARACTERISTICS 
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00 


1 


le) 


5 


800 


Vee(mv) 


Typical static forward current transfer 


Typical mutual characteristics 


ratio versus collector current 


Typical transition frequency 


Typical collector capacitance versus 


versus collector current 


collector-base voltage 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BFW I6A 


APPLICATION INFORMATION 


Performance of channel and band amplifiers 


channel | channel | channel 
4 9 55 
Frequency range 61-68 | 202-209 | 742-750 174-230 | MHz 


Transistor used in: 
final stage BFWI16A | BFWI16A | BFW16A | BFW16A | BFW16A |BFW16A 


driver stage 


BFWI6A BFWI16A 


second stage 


first stage BFY90 


Output power at: 


d, =-30dB 150* 
im 
d. =-50dB 
im 
d,_ =-60dB 
im 
Power gain 50 


Noise figure 


V.S.W.R. over the 
whole channel or band 


for the input 
for the output 


30 


60 


Load impedance 


Source impedance 


*V = 2.2V over R, = 302o0r 
fo) L 


V_=8V over R. = 602 
fo) L 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BFWI7A 


N-P-N silicon planar epitaxial, multi-emitter transistor with extremely good inter- 
modulation properties and a high power gain. The BFWL17A is primarily intended for 
the final and driver stages of channel and band aerial amplifiers with high output in 
bands I, Il and III (40-230MHz). Encapsulated in a metal TO-39 envelope with the 
collector connected tothe case. The BFW17A is a ruggedized version of the BFW17, 
which it succeeds. 


QUICK REFERENCE DATA 


Vo BOM ™ 


ven me 


Toy max. (f > 1-0MHz) 


P| max. (T 125°C) 


tot 
Ti max. 
fp typ. (I, =150mA, Vog 7 V, f£=500MHz) 
"Cog typ. (I= 10mA, Vop SV, f=1.0MHz) 


os typ. (,=70mA, Von lV, f= 200MHz) 


Po typ. ay =70mA, Vor =18V, f=200MHz) 
OUTLINE AND DIMENSIONS 


Conforms to B.S. 3934 SO-3/SB3-3B 
J.E.D,E.C. TO-39 


case 


Millimetres 

Min. Typ. Max. 
A 9.10 - 9.40 
B 8.2 = 8.5 
Cc 6.15 - 6.60 

D - 5.08 - 
E 0.71 = 0.86 
Fl - - 0.51 

F2 12.7 = = 

F3 12.7 - 15 
G1 = - 1.01 
G2 0.41 - 0.48 
G3 = _ 0.53 

Collector connected to case H J. 0.4 ~ 
Accessories available: J 0.74 _ 1.01 


56218, 56245, 56265 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
‘ 4 
Vv CBOM max. (peak) 0 Vv 
;: = 4 
VoERM max. (peak, Ror < 502, I, 10mA) 0 Vv 
Vogo Max: (= 10mA) 25 Vv 
Ver rey max. 2.0 Vv 
ly max. 150 mA 
Tom Mx: (f >1.0MHz) 300 mA 
P_ max. (T < 125°C) 1.5 w 
tot case — 
Temperature 
T., min. -65 °c 
stg 6 
T max. 200 
stg a 
T; max. 200 
THERMAL CHARACTERISTICS 
Ren(j-amb) in free air 250 degC/W 
Rin(j-case) 50 degC/W 
Run (cases) when mounted with a top 
clamping washer of accessory 
56218 and a boron nitride 
washer for electrical insulation 1.2 degC /W 
ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise stated) 
Min. Typ. Max. 
log oO Collector cut-off current 
= = = 150° a = 
Vop@20V; 1,79, T; 150°C 20 pA 
Vv CEK Collector-emitter knee voltage 
I, =100mA, 1, “the value for 
which 1,=110mA, at Vopr 1-0V - = 0.75 Vv 


VeEK 1.0V Vor(v) 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS (contd.) 


h Static forward current 
FE : 
transfer ratio 


1,=50mA, Vop OV 


1,7150mA, Vop75-0V 
f, Transition frequency 
1,=150mA, Vor bv, 


f=500MHz 


(s Collector capacitance 


Vop i5V, 1, =1,79, 


f=1.0MHz 


-C Feedback capacitance 


1,=10mA, Vor* 15V, 


f=1.0MHz, T =25°C 
amb 


G Power gain (not neutralised) 


Pp = = 
Iu 70mA, Vor 18V, 


f=200MHz, T =25°C 
amb 
Intermodulation characteristics 


P Output power (see test circuit) 
= 1,7 70mA, Vo_,=18V, £=200MHz, 


intermodulation factor =-30dB, 
v.s.w.r. at output <2.0, T 
amb 


f_ =202MHz, f =205MHz, 
Pp q 


f =208MHz (channel 9 
@q-p) : } 


Mullard 


=25°C 


BFWI7A 


Min. Typ. Max. 

25 - - 

25 = - 
- 5 hae - GHz 
- - 4.0 pF 
- 1.7 - pF 
- 16 - dB 
- 150 = mW 
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POWER OUTPUT TEST CIRCUIT (f=200MHz) 


Choke 


D1180 


L, = 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, int, dia. 
8mm, taps 1.5 and 0.5 turns from earth. 


L, = 5,5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
8mm. 


L, = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia. 
8mm. 


L “4 = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
1lmm. 
ADJUSTMENT OF TEST CIRCUIT 
Basis of adjustment 


intermodulation distortion at dj, = -30dB is caused by clipping in h.f. output cur- 
rent and voltage. 
The maximum undistorted output power is attained when 


a) Clipping in current and voltage is simultaneous; this occurs if 


Road ~ Vox VoekIc 
Where Voek is the high frequency knee voltage 


b) The h.f. collector current is as low as possible; this occurs if 
“Choad . TC oe 
Where Cog is the output capacitance of the transistor with short-circuited input. 


Experimentally obtained values of Riggq and Cjogq, for maximum output power at 
an intermodulation factor of -30dB, are: 


Road ~ 220% Cigag = ~5-8PF 


In this case 4p¥F are provided by Cog of the transistor itself and 1.6pF by the mount- 
ing system, with the boron nitride washer between the transistor and the chassis. 


Mullard : 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BFWI7A 


ADJUSTMENT OF TEST CIRCUIT (contd.} 


Procedure 


1. Remove the transistor and connect a dummy, consisting of a 2202 resistor in 
parallel with a5.6pF capacitor, betweenthe collector and the emitter connections 
of the output circuit, 


2. Tune and match the output circuit for zero reflection at 205MHz (i.e.,v.s.w.r.=1). 
3. Replace the dummy by the transistor. Tune and match the input circuit for maxi- 


mum power gain and good bandpass curve. The v.s.w.r. of the output will then 
be <2 over most of the channel. Corrections can be made by tuning L,. 
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Prot He BF W17A Beat 
(W) EET imei on 


Ay 14 
+ | Ss 
is 2 a 
ee cS) ; 
ro Hts Pe Ueceeneeraeess 
ae rH a On infinite eatin’ 
with a boron nitride 
i H 21 washer 
7) On a 50cm heatsink 
io CTT ves (eg. chassis) with a 
0-5 S| iA boron nitride washer 
5 EP ! - 
bo J L 
Permissible areas of op HH 
{| 2 
mi 


o EEEEEEEE Et 
ce) 50 100 150 200 Tymp (°C) 


MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


tc BFW17A Ba4i2 
(mA) 
300 
a | 
I cH 
200 
rH t 
Fa) | ! TI Tt oa) 
im 
100 
tH 7 | rH HHH] 
Tr 
i. i” r imam 
on to fing HH 
9 CECHcor FH a co 4 
ie) 10 20 30 40 VCE (v) 


AREAS OF SAFE OPERATION 
I. D.C. and A.C. operation is allowed under all base-emitter conditions, 
provided no limiting values are exceeded. 
Il. Operation is allowed under all base~emitter conditions at f = 1MHz, 
provided no limiting values are exceeded. 


III. Operation is allowed under pulse conditions, provided the transistor is 


- = 
cut-off, R yp T0028 and f=1MHz. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BFWI7A 


YI 
Hi 


SiGsriber 


TRANSFER CHARACTERISTICS 
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100 


(e) a 
700 100 150 
(mA) 


Ic 
Typical mutual characteristics Typical static forward current transfer 
ratio versus collector current 


Typical collector capacitance versus Typical transition frequency 
collector-base voltage versus collector current 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 


BFW30 


N-P-N silicon planar epitaxial, multi-emitter transistor with extremely 
good intermodulation properties and a high power gain. The BFW30 is 
primarily intended for wideband vertical amplifiers in high speed oscil- 
loscopes, wideband aerial amplifiers (40-860MHz) and television distribution 
amplifiers. Encapsulated in a metal TO-72 envelope with all electrodes 
insulated from the case. Shield lead connected to case. 


QUICK REFERENCE DATA 


Vopom ™4* 


Vong e 


lom max, (f>1.0MHz) 


Lot 
a max. 

fp typ. (= 50mA, Vop 7 5-OV, f=500MHz) 
- . =2, =5. Sl. 4 
Coe typ @ 2.0mA, Vor OV, f=1.0MHz) 


G, typ. (,,=30mA, V_,_=5.0V) f= 200MHz 
P f= 800MHz 


We =6.0V, R_=37, 
dn WYP: (Ig=30MA, Veg 1737-59, 
f= 183MBIz, V,=100mV 
£ =200MHz, V_=100mV 
q re} 
f. _.=217MH 
(2q-p) zs 
OUTLINE AND DIMENSIONS 
Conforms to B.S, 3934 SO-12A/SB4-3 


max. (T <=25°C) 


mb 


20 Vv 
10 Vv 
100 mA 
250 mW 
200 we 
1.6 GHz 
0.8 pF 
21 dB 
7.5 dB 


5 J.E.D.E,C. TO-72 Millimetres 
Min. Nom Max 
A 4.53 - 4.8 
B 4.66 - 5.33 
Cl - = 0.51 
C2 12.7 - - 
C3 12.7 - 15 
D1 - - 1.01 
D2 0.41 - 0.48 
D3 = - 0.53 
E 0.84 - 1.17 
; F 0.92 - 1.16 
eee re G - 54 - 
ee. mas H 8.31 - 5.84 
4 Tt Connections 
Ries i 1. Emitter 2. Base 
Viewed from underside 3. Collector 4. Shield 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vopom ™2*: (peak) 
‘ = =1 
VoERM max. (peak, Ror 502, I, Om A) 
Voro max. (1, =10mA) 
VERO max. 
I max. 
. f>1. 
lou max. (f oan) 
Pot max. (Tambo? C) 
Temperature 
aig min 
T max. 
stg 


T; max. operating 


THERMAL CHARACTERISTICS 


Rin (j-amb) in free air 


Reh (j-case) 


20 Vv 
20 Vv 
10 Vv 

2.5 Vv 
50 mA 

100 mA 

250 mW 

-65 °c 

200 °c 

200 °c 

0.7 degC/mW 
0.5 degC/mW 


ELECTRICAL CHARACTERISTICS (Tamp725 C unless otherwise stated) 


I CBO pee caer current 
CB °°E 
hog Static forward current 


transfer ratio 
=2. =5. 
I Cc SmA, V CE 5.0V 


= =5.0 
1,=50mA, Voy, Vv 


f, *Transition frequency 


1,=50mA, Vag 5-OV, 


£=500MHz 


Cc te **Collector capacitance 
V_,.=10V, I =1,=0, 


=C... * Feedback capacitance 


Vop 5 OV, 1,=2.0mA, 


f=1.0MHz 


*Fourth lead (case) grounded 
** Fourth lead (case) not connected 


Mullard 


Min. 


25 
25 


Typ. Max. 

- 50 nA 
1.6 - GHz 
- 1.5 pF 
0.8 - pF 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 


Min. 

G *Power gain (not neutralised) 

I =30mA, V_=5.0V, f=200MHz 19 

c se f=800MHz - 

N *Noise figure 

VoR75- OV, 1,72.0mA, 

f£=500MHz, R= 502 - 
qin *Intermodulation distortion (see fig.1) 


1,=30mA, V,,76.0V, Ry =37.59, 
f= 183MHz, V,=100mV 

f =200MHz, V_=100mvV 

q ce) 


f =217MHz a 
(2q-p) 


*Fourth lead (case) grounded 


680pF 


Fig.1 
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21 
7.5 


BFW30 


Max. 
- dB 
- dB 
5.0 dB 
- dB 
75N 
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150} 


100 


Oo 25 50 75 £100 125 150 175 200 Tape) 


MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


TYPICAL OUTPUT CHARACTERISTICS 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BFW30 


100 ‘i BH + | BFW30 E : Serie B8422 
Ic | [ : T a 
(mA) Vee rS OV 4 | i 

3 Tj =25°C i 
TH | 
10 =a = =. = — 
ne 4 T He 
9 ; : ; i + yP Max E = +4 
5 al = 
pees Es at + + + 
3 on ~ tf + 
il Hit 
1-0H +-4 Coot + . = = F t sri +—t . 
7 zs zs 
SS Aaa 
| + | ae - | THT T 
Ziad tea | 44H — 
0-1 
Fg: YO a ERAS 
1:0 10 100 1000 Ip (HA) 
TRANSFER CHARACTERISTICS 
Te FoT7] Bew30 TTT] hee TTT Bew30 777 188423: 
(mA) } jaf: 1 getic er, Paik ere: 
60-—— Vog=5-0V [7 “60 TH 
ae Tj =25°C 
at bo 
MEPS a — “| sais eres ances - 
+ + + + 
ri: dyt-. to ial wane aed 
vee lee x MS orekcats 
| peneoa ses - 40 | Tj =25°C 
a taeen eed | 
| cee 
TT Rae 
20, ic comer meet ace =e 
OL haa Oulngss rece se bates ahaa 
fe) 500 Vpg (mv) ie) 20 Ic (mA) 
Typical mutual characteristic -Typical static forward current transfer 


ratio versus collector current 
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Cte +H BFW30 
2 i. Tj = 25°C 
c f =1-0 MHz 
c Tor Peas =I, =0 
BSBA meas Te @ 
eee ea 
10 - con ff} 
COC 
oe I { B i 
CCH r 
t 
Os SBeRGUSeUGeseREeeS H 
coereet 4 + 
EEE 
Nig) Sd C8 B La | 
ome pe EEEEEEEEEH 
° 5-0 10 15 Veg (v) 


TYPICAL COLLECTOR CAPACITANCE PLOTTED AGAINST 
COLLECTOR-BASE VOLTAGE 


as t Titi peas 
(GHz) tit sauna 
2-0 Sauene Prt rr 
TTEELTToeeecet 
Tj = 25°C ot = 
Voges 5:0V aeeee 
f =500 MHz [1° 
15 Litt 4 
TT Tr 
aeneenee 
10 ' 
EEE reece 
| geesstifore 
He 1H i 
0-5 | 
rc) 20 40 60 80 I¢(mA) 


TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT 
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N-CHANNEL SILICON 
FIELD EFFECT TRANSISTOR BFW6I 


The BFW61 is an n-channel silicon epitaxial planar junction field effect 
transistor for general purpose industrial applications. 


QUICK REFERENCE DATA 


OUTLINE AND DIMENSIONS 
Conforms to J,E.D.E.C. TO-72 
B.S. 3934 SO-12A/SB4-3 


For details see page 4. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
in- + 
Voss max. Drain-source voltage 25 v 
Vy Go ™ax- Drain-gate voltage 25 Vv 
Vaso max, Gate-source voltage -25 Vv 
Ib max. Drain current 20 mA 
I, max, Gate current 10 mA 
Prot max. Total device dissipation 
(T.__, 325°C) 300 mW 
amb 

Temperature 
Ts te Storage temperature range -65 to +200 % 
T. max. Max. junction temperature 200 ° 


J 
THERMAL CHARACTERISTIC 


Rng—amb) 0.59 degC/mW 
ELECTRICAL CHARACTERISTICS (T,= 28°C unless otherwise stated) 

Min Max 

“Tass a ae ei - 1.0 nA 
Gs > “Ds ; 

-Vgg=20V; Vpg=9 T,=150°C : 1.0 pA 

‘DSS Eine ae =0 2.0 20 mA 

Ds > “as ; 

“Vas i ana Vee 0.5 7.5 Vv 
D > “Ds ' : 

Oe ee ke 


*Measured under pulse conditions. 
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N-CHANNEL SILICON 
FIELD EFFECT TRANSISTOR BFW6| 


ELECTRICAL CHARACTERISTICS (cont'd) 


Small signal y-parameters Min. Max. 
Cc = = 
ommon source, Vos 15V, Vas 0 
Yes Forward transfer admittance 
f=1.0kHz 2.0 6.5 mmho 
ves Output admittance 
f=1.0kHz - 85 pmho 
is Input capacitance 
f=1.0MHz - 6.0 pF 
2Cis Reverse transfer capacitance 
f=1.0MHz - 2.0 pF 
Ves Forward transfer admittance 
f= 10MHz 1.6 -  mmho 


SOLDERING AND WIRING RECOMMENDATIONS 


1. Devices may be soldered directly into a circuit with a soldering iron at 
amaximum iron temperature of 245°C for a time of up to 10 seconds at 
least 1.5mm from the seal. At an iron temperature of 245°C to 400°C the 
maximum soldering time is 5 seconds at least 5mm from the seal. 


2. These devices may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage tem- 
perature. These recommendations apply to a device mounted flush on a 
board having punched-through holes, or spaced at least 1.5mm above a 
board having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


4. If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated flux. 
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OUTLINE, DIMENSIONS AND CONNECTIONS 
Conforms to J.E.D.E.C. TO-72 


eeains Millimetres 
[ee Min. Nom. Max. 
a 
A = - 4.8 
B 2 - 5.3 
Cc 12.7 a 
D = 0.43 = 
E - 1.0 ae 
F - 1.05 = 
G - 2.54 = 
—- F H 5.3 5.55 5.8 
Pinning 
1. Source 
2. Drain 
3. Gate 


4, Shield lead connected to case 
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P-N-P SILICON PLANAR BFX29 
EPITAXIAL TRANSISTORS BFX87 


BFX88 


BFX29 is also available to BS9365—F010 


P-N-P silicon planar epitaxial transistors for general purpose industrial 
applications. Encapsulated in TO-5 envelope with the collector connected 


to can. 
QUICK REFERENCE DATA ee i 
BFX29 BFX87 BFX88 
-V CBO max. 60 50 40 Vv 
-V CEO max, 60 50 40 Vv 
zie max. : 600 mA 
= 
Prot max. (T mb 25 C) 600 mW 
hog CI, =10mA, Vor =10V) 
min. 50 40 40 
typ. 125 125 125 
fp min. CI, =50mA, Vor =10V, 
f=100MHz) 100 MHz 


Unless otherwise stated, data is applicable to all types 
OUTLINE AND DIMENSIONS 


Conforms to B,S, 3934 SO-3/SB3-3A 
J.E.D.E,C, TO-5 


Millimetres 

a Min Nom Max 
a A 9.10 - 9.40 
: e B 8.20 - 8.50 
Cc 6.10 = 6.60 

D - 5.08 - 
E 0.71 - 0.86 
Fl Ee - 0.51 

F2 12.7 = - 
F3 38.1 - 41.3 
Gl - - 1.01 
G2 0.41 - 0.48 
G3 - - 0.53 


The collector is electrically 
connected to the envelope H = 0.4 - 


J 0.74 - 1.0 
Mullard 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


low max. 


lou max. 


P., max. (T 
am 


° 
= 
Pot 25 C) 


b 
Temperature 

a Bie range 

ar max. 


THERMAL CHARACTERISTIC 


Rin(j-amb) 


BFX29  BFX87 


60 50 
60 50 
5.0 4.0 


BFX88 

40 Vv 

40 v 

4.0 Vv 

600 mA 

600 mA 

600 mA 

600 mW 

-65 to +200 ie 
+200 : 

292 degc/W 


ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise stated) 


Min. 
Topo Collector cut-off current 
“Voz 60V, 1,70 BFX29 - 
~Vop@50V, 1,=0 BFX87 - 
“Vopr tv, 1,70 BFX88 - 
Vop50V, 1,70 BFX29 - 
TV Ga AOWy d= 0 BFX87 - 
“Voz 30V, 1,70 BFX88 - 
-Voy750V, 1,=0, 
T,=100°C BFX29 - 
“Vee OV TED, 
T.=100°C BFX87 - 
-Vop780V, 1 p79, 
T.=100°C BFX88 7 
-I Emitter cut-off current 
EBO ae = 2 
“Veep o-OV, I, 0 BFX29 
Vig t OV, 1.50 BFX87,88 - 
V_.=3.0V, 1. =0 BFX29, 87, 
ne ¢ BFX88 - 
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Typ. Max. 
1.0 500 nA 
1.0 500 nA 
1.0 500 nA 
0.5 50 nA 
0.5 50 nA 
0.5 50 nA 


30 500 nA 
2.0 500 nA 
1.0 100 nA 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 


ELECTRICAL CHARACTERISTICS (cont'd) 


FE 


Vor (sat) 


VBE (sat) 


te 


te 


Min. 
Static forward current 
transfer ratio 
-1,=0.1 - =10 
I, 0.1mA, Vor V BFX29 20 
-I,=1.0mA, -V__=10V BFX29,87, 
c CE BFX88 40 
“1, =10mA, Vor =10V BFX29 50 
BFX87,88 40 
-I_= - =10 
To 50mA, Vor V BFX29 50 
“ly =150mA, Ve =10V BFX29,87, 
BFX88 40 


-1,=500mA, -Vop 
Collector-emitter saturation 
voltage 

“ly =150mA, “1° 15mA 


Base-emitter saturation 
voltage 
-1,=80mA, “At 1.0mA 


“I, =150mA, “1,5 15mA 
Collector capacitance 
Von 10V, 171,70, f=1.0MHz 
Emitter capacitance 

“Veg 2-0V, T7179, f=1.0MHz 
Transition frequency 

“I, =50mA, Vor =10V, 


f=100MHz, T =25°C 
amb 
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=10V BFX87,88 25 


40 7 


6.0 12 pF 
18 30 pF 
360 - MHz 
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ELECTRICAL CHARACTERISTICS (cont'd) 


Saturated switching times (see test circuits) 


Min. Typ. Max. 
ton Turn-on time = 25 60 ns 
t Turn-off time + 55 150 ns 
off 


h-parameters 


Measured at -I_.=10mA, -V_,.=10V, f=1.0kHz, T | =25°C 
Cc am 


CE b 
Min Typ. Max 
hi Input impedance - 600 ~ 2 
hoe Voltage feedback ratio - 1.50 - 1074 
he Forward current transfer ratio - 155 - 
hoe Output admittance - 104 - pymho 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


4. Ifdevices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
oceur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 
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P-N-P SILICON PLANAR BFX29 
EPITAXIAL TRANSISTORS BFX87 


BFX88 


TEST CIRCUITS 


Saturated turn-on switching time 


Fig. 1 


Saturated turn-off switching time 


Fig.2 
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ES 


MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


FARAH 
200 Tamp(°C) 


= 4 
Rance = ae esas? 
(degC/W)}, t + BFX88 tr 
1 
= 
Be} + 
T T 

5 

1 1000 . = z = 
erg . tt 
5 i Ett 
a 210 Rtnis) i. 
9 
9 
< 
oS 
a 
@ lW0E=o3 : H 
2 \ ~ = iH H 
£ O41 Renitod tH 

i 
8 0 x TH 
ca — t 
z mca ee al baa 
d= = 
2 ie : --4Stabilisation time 
TW 7 
Cc : = 
9 Renee = (Renis) Renitor) 4 + Renito) qT gio 
as ° 
| | Rth(s)= Steady state thermal resistance with d=1 
Rtnito)=Transient thermal resistance with d=O 10 102 103 
— T 


“= 7-1 + rer a + eS a SO ) eee nea 
10-4 103 10°? 10" 10° 10" 107 
Pulse duration (s) 
TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 
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BFX29 
BFX87 
BFX88 


x FA 
[~T 


+ 


50v) 
40v) 
30V); 


BFX29 (-Vog 
BFX87 (-Vop 
: BFX88(-Vcp 


1 


7 


P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 


-IcBo] | B8443 
nAfiooo) Fe 


HA] 1:0 
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150 


TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT 
WITH JUNCTION TEMPERATURE 
Mullard 


-I¢ PLT Be x29 7 TT] 38444 
(mA t COPE ET) BFXe7 TET PH ] 
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600 cot ; cer Ht cH 
+—$ ++ 
r HE arj=estc! iz 4 
Cr coo 
H iB: cH eaeug| 
aeaee ~Ig(mA)=15 
400 rT = 
r Ie a 10 a aS 
smal sO HH 
60 
[T eaen| 
z 40 ose 
200 Ht ro 
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P-N-P SILICON PLANAR BFX29 
EPITAXIAL TRANSISTORS | BEX87 
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TYPICAL VATIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
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P-N-P SILICON PLANAR BFX29 
EPITAXIAL TRANSISTORS BFX87 
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P-N-P SILICON PLANAR BFX29 
EPITAXIAL TRANSISTORS BFX87 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS lat 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR BFX30 


Also available to BS9365—F011 


Silicon p-n-p planar epitaxial transistor intended for switching applications. 
Encapsulated in TO-5 envelope with the collector connected to can. 


(= QUICK REFERENCE DATA 

~Yoro max, 65 Vv 
Voro max. 65 Vv 
low max. 600 mA 
Pot max: (Tomb=2> ©) 600 mW 

hog C1, lomA, -V,.,=0-4V) min. 50 

typ. 90 

max. 200 

ts max. CI, =100mA, 

=10mA 250 ns 


Thon” post 


OUTLINE AND DIMENSIONS 
Conforms to B.S, 3934 SO-3/SB3-3A 
J.E.D,E.C. TO-5 


Millimetres 
ees ee Min. Nom. Max. 
is 7 A 9.10 - 9.40 
B 8.20 = 8.50 
H © Cc 6.10 - 6.60 
— 
1 TF ot a D - 5.08 - 
: -v 
re Gay PE 3 E 0.71 = 0.86 
| 4 4F 
af] | Fl - - 0.51 
F2 12.7 ~ - 
45°23% @ b. 
—-< F3 38.1 - 41.3 
are 1 7 - 1.01 
imine: . 
E la G2 0.41 = 0.48 
dn 
G3 - - 0.53 
H - 0.4 - 
Collector connected to can J 0.74 - 1.0 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
-V 
-V 


CBO max. 
CEO max. 


-V max, 


EBO 
“Ia max. 
Toy max. 


lou max. 


P max. 
tot 
Temperature 
T min. 
stg 


‘E max. 
stg 


qT; max. 


THERMAL CHARA 


es) 
(Tomb =25 C) 


CTERISTIC 


Rin(j-amb) 
ELECTRICAL CHARACTERISTICS (1,7 25°C unless otherwise stated) 


“laBo 


EBO 


~VaE(sat) 


FE 


Collector cut-off current 


“Voz” 88V, 170 


Emitter cut-off current 


“Vp 2-OV, 1,70 


- =3.0V =0 
VEB e is IG 
Base-emitter saturation 

voltage 

-I_=30mA, -I_=1.0mA 
I c 1m. I m 


-I_= -~[=1 
I c 150mA, I, S5mA 
Static forward current 


transfer ratio 
-I1_=1.0mA, - =0.4V 
Ta 1.0m V CE 


-r_= -V__=0.4 
F,=10mA, ~V 9.70.49 
-1,750mA, -Vo_,70-4V 
-1,=150mA, -Vp,70.4V 
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200 
200 


292 


Typ. 


0.03 


0.77 
1.05 


80 
90 
92 
50 


Vv 
Vv 
Vv 
mA 
mA 
mA 
mW 
ie} 
° 
oO 
Cc 
degC/w 
Max. 
500 nA 
50 nA 
2.0 pA 
500 nA 
100 nA 
0.90 Vv 
1.30 Vv 
200 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR BFX30 


ELECTRICAL CHARACTERISTICS (cont'd) 


Cc Collector capacitance 


= =1 =I =0 
Vor ov, I, lL, , 


f=1.0MHz =: 6.0 12 pF 


Cc Emitter capacitance 


te 
-V =2. V = =0 
EB Bs Io i ? 


f=1.0MHz - 18 30 pF 


Saturated switching times (see page 4) 


a1, 100mAy “TT 10mA, se =10V, Vino 2 OV 

t, Delay time - 9 15 ns 
i Rise time - 18 40 ns 
a Turn-on time ttt) = 27 50 ns 
t. Storage time - 95 250 ns 
Le Fall time - 30 50 ns 
tore Turn-off time ttt) ~ 125 290 ns 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


4. Ifdevices are stored at temperatures above 100°C before incorporation 
into equipment, some deteriaqration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 
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ELECTRICAL CHARACTERISTICS (cont'd) 
Saturated switching times 


Test circuit 


51 
200ns 


VeaR= 16.5V 


-I,..100mA,1 =10mA 


a =I 

c= Bion) ~ Bloff) 
Vv =2:0V 
BE (oft) © 
Waveforms 


Input 


Output 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR BFX30 
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TOTAL DISSIPATION PLOTTED AGAINST AMBIENT TEMPERATURE 


Rehit BFX30 e835 
(degC/w: 
2 
E 
5 41000) 
2 _ 
s 
a d=10 Rth(s) 
8 
s os 
¢ 100 mae 
3 ou Rtn(to} + 
o4 
& 
- a a ad 
s 
€ 10 
2 a-t Hf 
2 a a Stabilisation time 
o 4 
F HR ent Fen cs) ~Renctoy 4 *Renctod Bis 
HH Rtn(s) = Steady state thermal resistance with d=1 ° 
Renito)= transient thermal resistance with d=0 
10 1 ay 101 198 103} 
10° 10% 10% 107 10° 10° 10? 


Pulse duration (s) 


TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 
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TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT 
WITH JUNCTION TEMPERATURE 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR BFX30 
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TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH 
COLLECTOR-EMITTER VOLTAGES 
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TYPICAL TRANSFER AND MUTUAL CHARACTERISTICS 
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a not H 
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EEE EEE EEE EH 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR BFX30 
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TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH COLLECTOR CURRENT AND JUNCTION TEMPERATURE 
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TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE 
WITH COLLECTOR CURRENT AND I/l, RATIO 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR BFX30 
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TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE 
WITH JUNCTION TEMPERATURE AND I/lp RATIO 


Mullard 


BFX 30 Page 11 


te 
Hi 


ah 


sree fee ft EH 


$l 


eeatee 


TYPICAL VARIATION OF COLLECTOR CAPACITANCE WITH 
COLLECTOR-BASE VOLTAGE 


~ 
100 


TYPICAL VARIATION OF STORAGE TIME WITH JUNCTION TEMPERATURE 
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N-P-N SILICON PLANAR BFX84 
EPITAXIAL TRANSISTORS BFX85 


BFX86 


Silicon n-p-n planar epitaxial transistors for general purpose industrial 
applications. Encapsulated in TO-5 envelope with the collector connected 
to can. 


QUICK REFERENCE DATA 
BFX84 BFX85 BFX86 
100 100 40 
60 60 35 


lou max. 1.0 


fo) 
P| max. T S25 C 800 800 
tot amb 


T _-s100°c 2.86 2.86 2.86 W 
case 


h =150mA, V.,=10V) min. 30 70 70 


a 
i typ. 112 142 142 


CE 


=10V, 


fp min. (= 50mA, Vor i 
=25 C) 50 


f=35MHz, T 
amb 


Unless otherwise stated data is applicable to all types 
OUTLINE AND DIMENSIONS 


Conforms to B.S. 3934 SO-3/SB3-3A 
J.E.D.E.C. TQ-5 


Millimetres 
Min. Nom. Max. 
A 9.10 = 9.40 
B 8.20 - 8.50 
Cc 6.10 - 6.60 
D - 5.08 - 
E 0.71 - 0.86 
Fl - - 0.51 
F2 12.7 - - 
F3 38.1 - 41.3 
G1 = - 1.01 
G2 0.41 - 0.48 
G3 bat = 0.53 
The collector is electrically H - 0,4 - 
connected to the envelope 0.74 _ 1.0 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BFX84 BFX85 BFX86 
Vv : 
CBO max 100 100 Vv 
(ot = 
Vor max. (cut off, ,=lmA) 100 100 Vv 
Varo max 60 60 Vv 
VERO max 6.0 Vv 
I max. 1.0 A 
I cM max. 1.0 A 
on max, 1.0 A 
Tom ane 1.0 A 
I max 100 mA 
+ 
13M max ‘ 100 mA 
P_. max. T =25 C 800 mW 
tot amb 
T 5.0 Ww 
case 6 
T >25, <100 C 2.86 WwW 
case 
Temperature 
t -65 to +200 °c 
stg . 
T, max. 200 Cc 
J 
THERMAL CHARACTERISTICS 
Rin (amb) in free air 220 degC/W 
35 degC/W 


Rin (j-case) 
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N-P-N SILICON PLANAR 


EPITAXIAL TRANSISTORS 


BFX84 


BFX84 
BFX85 
BFX86 


ELECTRICAL CHARACTERISTICS (T,= 25°C unless otherwise stated) 


CBO 


TBO 


FE 


Vous at) 


VeE (sat) 


Collector cut-off current 


V_.=100V, 1,=0 


CB E 6 
Vope 100V, Tyce Sra Cc 
Vor 90V) I, I 
Voge 8ov, L =0, ae Cc 


Emitter cut-off current 
=6. =0 
VB 6.0V, ly 
=5, =0 
Vern 5.0V, I, 


V_..=5.0V, L.=0, T.=100°C 
Cc j 


EB 


Static forward current 
transfer ratio 

Lo =10mA, V__=10V 
a= =150mA, Yor” =10V 


1, =500mA, Vor™ 10V 


1,=l. -OA, Vor 10V 


Collector-emitter saturation 


voltage 
Iu =10mA, 1,7 1.0mA 


1,=150mA, 1,=15mA 
=500mA, I_=50mA 
100mA 


Ig 
xe 


od 


=1.0A, I, 


Base-emitter saturation 


voltage 
Iu =10mA, 1,71-0mA 


IQ* 150mA, I,=15mA 


I =900mA, 1, =50mA 


No to 


=1.0 100mA 
I A, I m 


Cc 


Collector capacitance 
V__=10V, LL =I, =0, 


Mullard 


Min. 


30 
20 


Typ. 


15 
35 


a  ) 


= 


15 


Max. 
500 nA 
30 pA 
50 nA | 
2.5 pA | 
500 nA 
50 nA 
2.5 pA 
0.15 Vv 
0.35 Vv 
1.00 Vv 
1.60 v 
1.2 Vv 
1.3 Vv 
1.5 Vv 
2.0 Vv 
12 pF 


BFX84 -Page 3 


BFX85 


ELECTRICAL CHARACTERISTICS (contd.) 


f, Transition frequency 
1, =50mA, V,_= lov, 


f=35MHz, T | =25°C 
amb 


Saturated switching times 


= =s =1 
ie 150mA, TB (0n) 1B (off) 5mA, 
aV ag = 10¥, ~Ver(ott =2.0V 
t a Delay time 
t Rise time 
r 
t Turn-on time 
on 
t, Storage time 
te Fall time 
t Turn-off time 
off 
h-parameters 
| he 1,=1.0mA, Vop5-0V, 
| f=1.0kHz, T. | =25°C 
| amb 
| 
h, 
ie 
ho, 1,=10mA, Voge 2-0V, 
h f=1.0kHz, T. , =25°C 
fe amb 
h 
oe 
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Min. 


50 


20 


25 


Typ. 


185 


15 
40 
55 
300 
60 
360 


Max. 


+ ns 
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N-P-N SILICON PLANAR 


EPITAXIAL TRANSISTORS 


BFX86 


BFX84 
BFX85 
BFX86 


ELECTRICAL CHARACTERISTICS , =25°C unless otherwise stated) 


IT 
CBO 


EBO 


FE 


Vox(eat) 


Vor {sat) 


Te 


Collector cut-off current 


Vapi 40V, 1,70 


Vv... =40V, 1,=0, T,=100°C 


CB E 
=30V, I_=0 
x E 


V_..=30V, 1,=0, T.=100°C 
E j 


Emitter cut-off current 


Vip 8: OV; 1,70 


Vian 5.0V, 1,70 


V...=5.0V, 1. =0, T,=100°C 


EB Cc 


Static forward current 
transfer ratio 

I= 10mA, Vag 10V 
In =150mA, Vor =10V 
Ig =500mA, Vor =10V 
1.71.04, Vop7l0V 


Collector-emitter saturation 


voltage 


1,=10ma, 1,=1.0mA 


Iu =150mA, [_=15mA 


130) 


I, =500mA, I, =50mA 
100mA 


tog 


IQ=1.0A, 1, 


Base-emitter saturation 


voltage 
1, 10mA, 1,71.0mA 


Iu =150mA, 1. =15mA 


1, =500mA, I, =50mA 


to tp 


1.=1.0A, I. =100mA 


Cc B 


Collector capacitance 
Van 10¥. ThA kee; 


f=1,0MHz 


Mullard 


Min. 


70 
30 


Typ. Max. 

10 500 nA 
0.5 30 pA 
2.0 50 nA 
0.1 2.5 pA 
10 500 nA 
2.0 50 nA 
0.1 2.5 pA 
90 - 

142 - 

90 - 

50 - 
0.06 0.15 Vv 
0.15 0.35 Vv 
0.35 1.00 Vv 
0.66 1.60 Vv 
0.69 1.2 Vv 
0.92 1.3 Vv 
115 1.5 Vv 
1.40 2.0 Vv 
7.0 12 pr 
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ELECTRICAL CHARACTERISTICS (contd.) 


Transition frequency 


= 50 =10 
I, 50mA, Vor Vv, 


f=35MHz, T =25°C 
amb 


Saturated switching times 


I 


Bee 


=150mA, I 


Bion) - Rott 


Delay time 
Rise time 
Turn-on time 
Storage time 
Fall time 


Turn-off time 


h~parameters 


1,=1.0mA, V.,,=5.0V, 
f=1.0kHz, T = 25°C 
amb 


1,=10mA, VQ,75.0V, 


E 


f=1.0kHz, T = 25°C 
amb 


=15mA, 


Mullard 


Min. 


50 


20 


25 


185 


15 
40 
55 
300 
60 
360 


< ns 


= ns 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS mabe 


MEASUREMENT OF SATURATED SWITCHING TIMES 


Test circuit 


—Yee =10V 


CRO 


=150mA, NE =15mA 


=-I 
Bion) ~ Bloff) 
=2.0V 


I, 
VBE (oft) 


Switching waveforms 
20V -—_—— 


Input 


Output 
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OPERATING NOTES 


Dissipation 


1. Dissipation and heatsink considerations 


a) 


b) 


4 


Steady-state conditions 


The maximum steady-state dissipation Pg, is given by the relation- 
ship: 

T, max. - T 
‘so cul amb 


P, max, = R 
th(j-amb) 


Where T; max. is the maximum permissible operating junction 
temperature, 
Tamb is the ambient temperature, 
Rth(j-amb) is the total thermal resistance between junction 
and ambient. 


Page 13 gives the maximum allowable steady ~ state dissipation 
versus ambient temperature for the device mounted in free air 
and with infinite heatsink. 


Pulse conditions (rectangular pulses) 


The maximum pulse power P,, is given by the formula 
ps io mass Tamb) - (P,-Beng-amby) 
+ 
P Rin ity * 4-Benicase-amb) 

Where P, is the steady-state dissipation excluding that in the 
pulses, 
Rtht) is effective transient thermal resistance of thedevice 
between junction and case, and is a function of the pulse 
duration t, and duty cycle d, 
d is the duty cycle, and is equal to the pulse duration t 
divided by the periodic time T, 
Rin(case-amb is the total thermal resistance between case 
and ambient and is equal to the difference between Rtjyj-amb) 
and the thermal resistance from junction to case Rth(j-case): 


T Duty cycle,d 
ai. 
7 
t r 
R 


Time 


Mullard 


BFX84-Page 10 


N-P-N SILICON PLANAR BFX84 
EPITAXIAL TRANSISTORS BEX85 


b) 


¢) 


BFX86 


Pulse conditions (rectangular pulses) (cont'd) 
Example 


The following example shows how to calculate the maximum 
permissible peak dissipation of a BFX84 mounted in free air at a 
temperature not exceeding 65°C . The steady-state dissipation under 
the bottomed condition is 350mW, the pulse width is 1ms and the 
duty cycle is 0.2. 


The transient thermal resistance R =15.5degC/W (page 13) 


thit) 
— (200-65) - (0.35x220) 
re max, = 


15.5+0.2(220-35) 
_ 135-77 
15.5437 


= 1.1W 


The peak pulse dissipation of 1.1W is therefore allowed provided 
that the voltage and current ratings of thedevice are not exceeded. 


Pulse conditions (other than rectangular) 


For sinusoidal and irregular shaped waveforms, the power pulse 
is converted to an equivalent rectangular pulse of the same average 
and peak values, and treated as in the previous section. 


Example 


The following example illustrates how to find the maximum permis- 
sible peak dissipation of a BFX84 operating in a class 'B' circuit 
at 1kHz. The device is mounted ona heatsink of thermal resistance 
equal to 50degC/W and at an ambient temperature not exceeding 
100°C. Assuming that the waveform is sinusoidal for half period 
and zero for the other half. 


Average of sinewave over half cycle = aE T 


Therefore equivalent rectangular pulse width of same amplitude 
and average value 


t=2 
w 
_ 2 
2m x 10° 
=0.318ms 
Bt an 
w 7) w 


Duty cycle, d= 


AiR 
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c) Pulse conditions (other than rectangular) (cont'd) 


Duty cycle, d = . ahs 


From page 13 


Ring) 7 6.8degC/W (d=0) 
Run s) = 35degC/W 

= = (35-6.8) x 0.318+6. 
Rwy at d=0.318 = (35-6.8) X 0.318+6.8 

= 15.8degc/W 

_ (200-100) ~ 0 

P_ max, = 
p 15.8+0.318x50 
100 _ 
31-7 3.15W 


A peak power of 3.15W is therefore permissible provided that the 
voltage and current ratings of the device are not exceeded. 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


4. If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


tt { 
tH 
Cor 
Permissible 


of operation. 


Cr] r Sauna. 
co COC eee 
fe) 50 100 150 200 


MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


Tamb (°C) 


Rtn(t) |, = Hit BFx84 38932 
(deg C/W) | == pi tH ie BFX85 | 
T mae — 1 BFXS6 TT f 
ne + et ‘le ime 4 
100 tH He =a = mene fat ees = 
a oh H : “Et ass 
2 fed=10 Sunt | exam ame Rth(s) i —+ 
4 20:5 | R 
2 32 ll a LE th(to) eit 4 
} a Why : = 
g 18 708 Eze = +H ress :. = 
2 Geant + t f t 2 
a0) O} pratt 3 ey a T 4 
9 2 8 T 
Be ae eae = 
3 B || 
E toh det ila 
cy Ti 
v4 }—_-—} E 
cs] 4 ——] aE 
= Rth(t) = (Rth(s)-Rth(to) ) d+ Rth(to) - Hy 
‘@ Rth(s) =Steady state thermal resistance with dztO 
5 l Rth(to)= transient thermal resistance with d:0O 
e = ae oe x an aes + eT SS AEE TT — 
16 0° 10" 16" 10° 10" 10° 


Pulse duration t(s) 


TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 


PLOTTED AGAINST PULSE DURATION 
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+ 


t 
l 


| 


3y/ day - 


| obs 3a/8y 


TOS 


VCE (Vv) 


tapd 


i B9026 


ee 


ieee 


te PERE oexes TP a 
(A) Es A | EE] 
1-0 EEC ee 
Peer Hoty te #10 mart 
EERE EERE 
: Coors e 
gi T 
t+-+-+-+-- an 
o-5 SF 
T ae ie Al a 
oe Spey ep ey om 
ee etl dis “| 
Fale i= cy Bie 
segueae i 
ORR CRE SEER THis =a ie epee 
0 20 40 60 80 Voge (V) 


COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 
COLLECTOR-EMITTER VOLTAGE WITH R,/R, AS PARAMETER 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


iy ay af fe 


When the emitter 


is common,a value 


of 1Q should be 


used in the calculation 


= of Rp! Re 
Voer [—f - t BFX85 aan B9029 
(Vv) I¢< tOmA ai 
100" me <<, — a3 
Ie>1-OmA - = 
pan * 
50 When the emitter 
1—j is common,a value 
_l | of 19 should be al Pall 
4 used in the calculation — 
=F -Rette Sree baat Fs 0 20 | ee a 
ot i rw =e =e mail —- 
3 $7 3 $7 3 57 3 S| 7 
1:0 10 100 1000 RefRe 
Veco == Oh ena a | BFX86 | |- rH : She 
CER ae = | peal va ea | bse 
max [-. [ i a came iE - iil , DELT 
(Vv) -— —- ar + H —|When the emitter 
Et aI a ape as! is common,a value 
a a a EL --p- 1 Of 10 should be 
— Le $t-Oma 444 )) LY PT |) used in the calculation 
40 — - —|- J of Re/Re 
ae Ta INA ita cea Baa 4 
G FB Fie Da 2 s i Pare i: man 
s See fms i OG + +H pmo eae : 
30 Si ng on a AA ora NAAN 
B 57 ee eae a: 3 52 3s? 
1:0 10 100 1000 


MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST 


R,/ Ro RATIO 
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COLLECTOR AND EMITTER CUT-OFF CURRENTS PLOTTED 
AGAINST JUNCTION TEMPERATURE 
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N-P-N SILICON PLANAR BEX84 
EPITAXIAL TRANSISTORS BFX85 


os | FFF] BFx84 B8941 
Be | mA 
Ic Tj = 25°C 1 1_220 
wa) A To 7 
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L i 21emMA t {| | 
o-6H 
i. ch i rH 
HH roma TTT 
4 co 
| 4 
o-4tt F 
Ht 
0-2 
HoH 
=2mA 
=1mA 
fe) 
fe) 05 10 15 2:0 Veg (V) 
Te | T =25°C | BFX84 ++. B9031 
(A) Fo | 
te Ptat Ig=20mA =15mA 
ieee tof z10mA 
t 
! df =5mA 
05 + | 
4 
4 =2mMA | 4 
EAT] 
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TYPICAL OUTPUT CHARACTERISTICS 
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TYPICAL OUTPUT CHARACTERISTICS 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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TYPICAL OUTPUT CHARACTERISTICS 
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VpeE(V) 


Vee(V) 


Tp (mA) 


Vee(V) 


Igima) 


TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS 
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT AND JUNCTION TEMPERATURE 
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST JUNCTION TEMPERATURE 
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TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT 
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 


PLOTTED AGAINST COLLECTOR CURRENT 


Mullard 


BFX84-Page 23 


BFX84 | 


88956 


BFX85 
BFX86 ! 
rH ree 
Ic =1000mA 
Lo { 
ane +4 H 
a ne 
I =500 mA 
= 2150mMA 
_ =10MA 
-50 fe) 50 100 180 HCC) 
VeE(sat) BFX84 B8957 
aces arse 
: 22C 
ig’ 
4 t oO 
Scenes Coot Ic =1000mA 
10 H Ly 
aon pei 
et anf =500mA 
ost 
i 
| 
I 
s1omA H 
° i CLEC 
-50 ° 50 100 150 Tj (°c) 


TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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TYPICAL COLLECTOR CAPACITANCE PLOTTED AGAINST 
COLLECTOR-BASE VOLTAGE 
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TYPICAL STORAGE TIME NORMALISED AT 25°C 
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TYPICAL h-PARAMETERS NORMALISED AT I, =10mA 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 


For ratings, characteristics and mechanical 
details see BFX29 data sheet 
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N-P-N SILICON BFX89 


PLANAR EPITAXIAL TRANSISTOR 


N-P-N silicon planar epitaxial transistor designed for u.h.f. and v.h.f. 
applications. It has extremely good noise and intermodulation propertics 
and a very high power gain and transition frequency. It is therefore par- 
ticularly suitable for wideband aerial and distribution amplifiers. 


| QUICK REFERENCE DATA 
VoBOM max. (peak) 30 Vv 
ax. 15 
Varo max 3) Vv 
lom max. (f> ee 50 mA 
Pp ax. =25 20 

Prot max (T amb 25°C) 0 aie 
max. 200 Cc 
=) -5V, £55 2 Gilz 
fp typ. 7a 25mA, Vor 5V, {= 500MHz) 1.2 Giz 
-C : = “By. f= 7 6 > 
Cie typ a. 2mA, Vow DV, f= 1MHz) 0.6 pF 
N typ. d,-2ma, Vor” 10V, Ze opt.) f:-200Miz 38.3 dB 
: . {-- 800 MHz. 7.0 dB 
G typ. (,=8mA, V*10V) f=200MHz 22 dB 
y e a f=s00MHz 7.0 dB 

P_ typ. 2 ; = ; 

3 yp Ml 8mA Vopr 10V 


is 7 780dB, V.S.wW.r. at output <2) f° 200MHz 6.0 mW 
f=800MHy 6.0 mW 


OUTLINE AND DIMENSIONS 


Conforms to J.E,D.E.C, TO-72 
B.S. 3934 SO-12A/SB4-3 


For details see page 6 


OTE, 
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RATINGS 


Limiting values of operation according iv th 


a 


Electrical 
Vopom max. (peak) 30 Vv 
— = 
Voerm mx: (beak, Ry 3509, 1,=10mA) 30 Vv 
Voro ™*: (= 10mA) 15 Vv 
ViEeBo max. 2.5 Vv 
To max. (d.c.) 25 mA 
lom max. (peak, f> agi 50 mA 
Prot MX (Tamp=29 ©) 200 mW 
Temperature 
Ty Tange -65 to +200 °o 
¥ max. 200 °c 
THERMAL CHARACTERISTICS 
Rinc-amb) in free air 0.88 degC/mW 
Run (j-case) 0.58 degC/mW 


ELECTRICAL CHARACTERISTICS (1,=28°C unless otherwise stated) 
Min. Typ. Max. 


I Collector cut-off current 
CBO am = 2 a 
1,79, Voz 15V 10 
Vv CEK Collector-emitter knee voltage 
I, =20mA, 1,, =the value for 


1, =22mA at V 


ce iY . = 0.75 


eek 1 Voge) 
hie Static forward current 
transfer ratio 
= = - 1 
In 2mA, Vor 1V 25 50 
= = es 1 
I, 25mA, Vor 1V 20 25 
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N-P-N SILICON 
PLANAR EPITAXIAL TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 


Min. Typ. 
‘tT pay eee f=500MHz = 1.0 
c > "CE : 7 : 
1, =25mA, Von 7 OV, f= 500MHz = 1.1 
“te Meee en oe f=1MHz  - - 
Ee’ CB : : 
Cc > "CE > . 
N *Noise figure 
i,=emA, Vor 5, 
f= 200MHz, Z,= opt. - - 
f=500MHz, R= 502 - - 
{= 800MIHz, Z.= opt. - 7.0 
3 *Power gain (not neutralised) 
a I= 8mA, Vo_710V, F=200MHz 19 22 
f=800MHz - 7.0 
*Fourth lead (case) grounded. 
**Pourth lead (case) not connected. 
Intermodulation characteristics 
a ey eset Coa mnie rr 
Cc Vor > V.S.W.r, : 
din =~30dB 


f= 200MHz, Eee joe MAA: 


ft = 208MHz (channel 9) a 6.0 
(2q-p) 
f= 800MHz, i 798MHz, i 802MHz, 
f = 806MHz (channel 62 - 6,0 
(2q-p) { ) 

ds Intermodulation distortion (see test circuit 3) 
I= =6 =37. 
c 8mA, Vor 6V, RD 37.52, 


a 100mV at a 183MHz 
V5 =100mV at + = 200MHz 


f =217MHz - -40 
(2q-p) 
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= GHz 
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ELECTRICAL CHARACTERISTICS (cont'd) 
EST CIRCUIT 1 - OUTPUT POWER TEST CIRCUIT (f=200MHz) 


Li = 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, 
int. dia. 8mm, taps 1.5 and 0.5 turns from earth. 

L2 = 5.5 turns of 1.4mmsilver plated copper wire, winding pitch 2.2mm, 
int. dia. 8mm. 

L3 = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, 
int. dia. 8mm. 

14 = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, 


int. dia. 1lmm. 
ADJUSTMENT OF TEST CIRCUIT 
Technical considerations 


Intermodulation distortion is caused by clipping in h.f. output current and 
voltage. 
The maximum undistorted output power is attained when 


a) Clipping in current and voltage is simultaneous; this occurs if 


Road = Vor - VoewIo 


Where Vi is the high frequency knee voltage 


k 
b) The h.f. collector current is as low as possible; this occurs if 


-C =+C 
load oe 
Where Cog is the output capacitance of the transistor with short-cir- 
cuited input. 


Experimentally obtained values of Rigag and Ciogg, for maximum output 
power at an intermodulation factor of -30dB, .are: 


=1k®, C, | =-1.8pF 


Road load 


Procedure 


1. Remove thetransistor and connect adummy, consisting of a 2202 resistor 
in parallel with a5.6pF capacitor, between the collector and the emitter 
connections of the output circuit. 

2. Tune and match the output circuit for zero reflection at 205MHz (i.e. 
v.s.w.r.=1). After this adjustment no further change should be made 
in the output circuit. 

8. Replace the dummy by the transistor. Tune and match the input circuit 
for maximum power gain and good bandpass curve. The v.s.w.r. of the 
output will thenbe =2 over most of the channel. Corrections can be made 
by tuning L2. 
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N-P-N SILICON BFX89 


PLANAR EPITAXIAL TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 
TEST CIRCUIT 2 - OUTPUT POWER TEST CIRCUIT (f= 800MHz) 


470pF 


500 


Ll = 24xX6x0.5mm silver plated copper strip, input tap at 5mm from earth. 
L2 = 15X6x0.5mm silver plated copper strip. 
L3 = 20X8x0.5mm silver plated copper strip. 
IA = 4 turnsof 0.5mm enamelled copper wire, winding pitch 1.5mm, int. 


dia. 4mm. 
Coupling link = 42mm of 1mm silver plated copper wire. 


ADJUSTMENT OF TEST CIRCUIT 


At 800MHz a dummy cannot be used to adjust for optimum collector load, 
because at these frequencies the impedance transformations of the dummy 
are too high. 

A small signal with a frequency of the midchannel 802MHz is fed to the 
input. The signal is increased until clipping occurs, that is until the output 
power no longer increases linearly with increasing input signal. Care should 
be taken not to allow the voltage swing to exceed the VcpR value as this 
may result in the destruction of the transistor by second breakdown. 

The output circuit is then tuned to eliminate clipping. 


The output power we is given by 


Po =o > Vege /2 = 35mW 


Where V isle is the high frequency knee voltage 


Keeping the input signal as small as possible at P, = 35mW, the output 
circuit is adjusted for minimum intermodulation. The input circuit is then 
adjusted for maximum gain and good bandpass curve. The v.s.w.r. is 
found to be =2 over the whole channel. 
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ELECTRICAL CHARACTERISTICS (cont'd) 
TEST CIRCUIT 3 - INTERMODULATION DISTORTION TEST CIRCUIT 


680pF 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 

. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

. Ifdevices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 


OUTLINE, DIMENSIONS AND CONNECTIONS 
Conforms to J.E.D.E.C. TO-72 


Millimetres 

Min. Nom. Max. 
A al = 4.8 
B - = 5.3 
Cc 12.7 od - 
D = 0.43 - 
E - 1.0 - 
F - 1.05 - 
G - 2.54 - 
H .3 5.55 5.8 
Connections 
1. Emitter 3. Collector 
2. Base 4, Shield connected 


to envelope 


Viewed from underside 
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N-P-N SILICON 
PLANAR EPITAXIAL TRANSISTOR BFX89 


10 aan — 
3 BFX89 FT pegageeceneceieeusaeasal 
Io G=25°C E 7 suse "= 200p 
(mA? rut Se ee eee ceeet 
8 ; +H : { tes 
: ; seageguecesucceceesess 
r 150pAt ++ 
6 
HOOuA 
4 70pA 
50pA 
2 T30UA 
20uA 
10pA 
% a1 02 03 04 05 06 07 Vee(V) 
50 Jg=l.5ma BFx89 IH TT 
Ic - e 1 a tit de i 
A z a 5 4 A ; [) 
(mA) t fry i : ; i | 7, =25 C 
40 O0.8mA tt 
Asmat HH tat 
30 
O4méAL H+ 
Ht t ft H rt 
20 t 1 damai Hitt 
4 sPsiees! CE omalt ts: 
10 TH 
zl 0.05MA 
4 + ¢ ! + 
: FETE LTT qt 
% 2 4 6 8 0 12 16 Vee (V) 


TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH 
COLLECTOR-EMITTER VOLTAGES 
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TYPICAL MUTUAL CHARACTERISTICS 


N-P-N SILICON BFX89 


PLANAR EPITAXIAL TRANSISTOR 


200 
hee == 
— rl, 
poe 
Sor 
[| 


= 
=eaee 
100 —t4 


ee oe 
(gars PS 
Q] a2 05 1 2 5 @) 20 I¢fmA) 100 
STATIC FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST COLLECTOR CURRENT 
BFX89 + 
TIT Tj = 25°C ttt 
4 : f =500MHz [tt 
fr iseet anata fetes test 
(GHz) [ { thot 
q Han OSS we Oe 
3 
Ht 
y i Steet oe 
2 
TAA ST Wee nee 
q —/Ov- 
: iho Sys: 
1 t + + 7 aaa 
ited sastedtect esta! ita 
f : i Sg 7 8 eee 
i sssepogerssersectagaesrsstte J 
ie) 10 20 Ic (mA) 30 0 10 20 Veg (Vv) 30 
Typical transition frequency versus Typical collector capacitance versus 
collector current collector-base voltage 
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TYPICAL NOISE FIGURE PLOTTED AGAINST COLLECTOR CURRENT 


100 #(MHz) 1000 


optimum 


TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY 


Mullard 


BFX89 Page 10 


N-P-N SILICON PLANAR BFY50 
EPITAXIAL TRANSISTORS BFY5| 


BFY52 


Also available to BS9365—F012 
Silicon n-p-n planar epitaxial transistors for general purpose industrial 
applications. Encapsulated in.TO-5 envelope with the collector connected 
to can. 


QUICK REFERENCE DATA 
BFY50 BFY51 BFY52 


80 60 40 
30 20 
1.0 
800 800 
. 86 2.86 2.86 


(@.=150mA, V_.=10V) min. 40 60 


h 
Bere Be typ. 123 142 


f_ min. (= 50mA, Vv 


e =10V, 


CE 


f=35MHz, T _, =25°C) 
amb 


Unless otherwise stated data is applicable to all types 
OUTLINE AND DIMENSIONS 


Conforms to B.S. 3934 SO-3/SB3-3A 
J.E.D.E.C, TO-5 


Millimetres 
Min. Nom. Max. 
A 9.10 - 9.40 
B 8.20 - 8,50 
Cc 6.10 - 6.60 
D = 5.08 = 
E 0.71 - 0.86 
Fil = a 0.51 
F2 12.7 - = 
F3 38.1 - 41.3 
Gl = - 1.01 
G2 0.41 - 0.48 
G3 = = 0.53 
The collector is electrically H = 0.4 i 
connected to the envelope 0.74 = 1.0 
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BFY50 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. 
fp Transition frequency 
Iq =50mA, Vor 10V, 
f£=35MHz, T_, =25°C 60 
amb 
Saturated switching times 
Ty =150mA, Ta (on) = Toot) =15mA, 
= = ' cs 
Vier 10v, VBE (off) 2.0V 
t 4 Delay time - 
t Rise time - 
r 
t Turn-on time - 
on 
t. Storage time - 
te Fall time ~ 
t Turn-off time = 
off 
h-parameters 
he 1,=1.0mA, Vag 5-0V, 
f=1.0kHz, T | =25°C 10 
amb 
h, = 
ie 
hie 1,=1loma, Vag 5-0V, ~ 
h f=1.0kHz, T. | =25°C 15 
fe amb 
h % 
oe 
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Typ Max 
140 - MHz 
15 - ns 
40 - ns 
55 - ns 
300 - ns 
60 is; ns 
360 - ns 
65 - 
250 750 2 
0.85 5.0 x10 
80 - 
35 80 umho 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


BFY61 


BFY50 
BFY5| 
BFY52 


ELECTRICAL CHARACTERISTICS (T; =25°C unless otherwise stated) 


CBO 


TBO 


FE 


Ve E(sat) 


Vpx(sat) 


Te 


Collector cut-off current 


V5 = 60V, 1,70 


oO 
=6 = =10 
Yop OV, I, 0, t 10°C 


V5 =40V, 1,=0 
= = o 
1,79, T, 100 C 

Emitter cut-off current 
View o-0V, 1,70 
Vag 5-OV, 1,70 


V_..=5.0V, I 


a sand 
ai =0, T,=100°C 


Cc 
Static forward current 
transfer ratio 


Iu =150mA, Vega l0V 


1 =1.0A, V OV 


c ce} 


Collector-emitter saturation 
voltage 


I, =10mA, 1° 1.0mA 


=1 = 
1, 50mA, i 15mA 


ly =500mA, I, =50mA 


I, =1.0A, 1° 100mA 
Base-emitter saturation 
voltage 


=10 ae 
1, =10mA, I,=1.0mA 


I =150mA, 13° 15mA 


I, =500mA, 1,7 50mA 


=1, = 
Ty 0A, I, 100mA 


Collector capacitance 
=10 se 
v cB Vv, I i, 0, 


f=1.0MHz 


— Mullard 


Min. 


40 
25 


Typ. 


10 


.06 
15 
635 
. 66 


oo Oo 8 


.69 
92 
15 


ee - Oo 8O 


-40 


7.0 


Max. 


15 
+35 
.00 
.60 


Ee PrP Oo SO 


ed 
oO om ww 8 


12 


nA 
pA 
nA 
pA 


nA 
nA 
pA 


<a << 4 


<<< < 


pF 
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BFY51 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. 
fr Transition frequency 
Ie 50mA, Vor™ 10V, 
f=35MHz, T | =25°C 50 
amb 
Saturated switching times 
3 1 .— 1a = 
1m 50mA, Ton) Toth 15mA, 
Vor =10V, ~Vercft) =2.0V 
t d Delay time - 
t Rise time - 
Yr 
t Turn~on time - 
on 
| t Storage time - 
t Fall time + 
t Turn-~off time = 
off 
h-parameters 
he 1,71.0mA, VoR 75 OV, 
| f=1.0kHz, T. | =25°C 20 
| amb 
h, = 
| ie 
hoe 1,7 lomA, Vago OV, . 
h f=1.0kHz, T = 25°C 25 
fe amb 
h “ 
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15 
40 
55 
300 
60 
360 


= ns 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


BFY52 


BFY50 
BFY5I 


BFY52 


ELECTRICAL CHARACTERISTICS (F,=25°C unless otherwise stated) 


ToBO 


TeBO 


FE 


Vorisat) 


VpE(cat) 


Te 


Min. Typ. Max. 


Collector cut-off current 


Vor 40V; 1,70 - 10 500 
Vopr 40V> 1,=% T,- 100°C - 0.5 30 
Vor 30V, 1,70 i - 2.0 50 
Vop 30; 1,79, T= 108 Cc - 0.1 2. 
Emitter cut-off current 

Vip 8:0V> 1,78 = 10 500 
Veep o-OV, 1,=0 - 2.0 50 
Vento OVe 1 y= 0: T,=100°C - 0.1 2. 
Static forward current 

transfer ratio 

1,710mA, Vop lov 30 90 = 
o =150mA, Vor =10V 60 142 - 
1,=500mA, Vor lov 30 90 - 
1, =1.0A, Vor lOV 15 50 rd 
Collector-emitter saturation 

voltage 

1,=10mA, 1,71-0mA - 0.06 0. 
1,7 150mA, 1 15mA - 0.15 0 
1,7500mA, 1,,—50mA - 0.35 T. 
1, 71.04, 1, 100mA = 0.66 1. 
Base-emitter saturation 

voltage 

T,=10mA, 1,71.0mA 7 0.69 

1, =150mA, 1,,=15mA - 0.92 
1,=500mA, 1,7 50mA = 1.15 
1.71.04, 1,7 100mA - 1.40 
Collector capacitance 

Vop™ 10V, T71e 0, 

f=1.0MHz - 7.0 12 


Mullard 


a 


15 


.35 


00 
60 


o a Ww NM 


nA 
LA 
nA 
pA 


nA 
nA 
pA 


<q << < 


<<< < 


BFY50-Page 7 


BFY52 


ELECTRICAL CHARACTERISTICS (contd.) 


f, Transition frequency 
I, =50mA, Vor™ 10V, 


{=35MHz, T  =25°C 
amb 


Saturated switching times 


In =150mA, 13 (on) = Ty (off) =15mA, 
ns =1 S =, 

Ver ov, VBE (off) 2.0V 

ty Delay time 

t Rise time 

r 

t Turn-on time 

on 

te Storage time 

t Fall time 

t Turn-off time 

off 


h-parameters 


hee 1,=1.0mA, Von 5-0V, 
f=1.0kHz, T = 25°C 

h, 

1¢e 

hee 1,=10mA, Vop75-0V, 

h f=1.0kHz, T = 25°C 

fe amb 

h 
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Min. 


50 


25 


185 


15 
40 
55 
300 
60 
360 


Max 
= MHz 
- ns 
- ns 
- ns 
- ns 
= ns 
7 ns 
750 Q 
-4 
85 5.0 x10 
80 umho 
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N-P-N SILICON PLANAR BFY50 
EPITAXIAL TRANSISTORS BFYSI 


BFY52 


MEASUREMENT OF SATURATED SWITCHING TIMES 


Test circuit 


a VEE =10V 


CRO 


=-I =15mA 
Bion) — Bloff) 


=2.0V 


T.2150mA, I 


~YBE (oft) 


Switching waveforms 


Input 


Output 
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OPERATING NOTES 


1. Dissipation and heatsink considerations 


Dissipation 


a) 


b) 


A T Duty cycle,d 
=t 
T 
7 
P. f 
s 


Steady-state conditions 


The maximum steady-state dissipation P, is given by the relation- 
ship: 
T, max. - T 
Po ina ce amb 
. Run (j-amb) 
Where Tj; max. is the maximum permissible operating junction 
J 
temperature, 
Tamb is the ambient temperature, 
a is the total thermal resistance between junction 
h(j-amb) 
and ambient. 


Page 13 gives the maximum allowable steady-state dissipation 
versus ambient temperature for the device mounted in free air 
and with infinite heatsink. 


Pulse conditions (rectangular pulses) 
The maximum pulse power ey is given by the formula 
we (T, max. ~ Tomb) ~(P, Ra ;_-amb)) 
+d. 
e Rent) * 9-Ben(case-amb) 

Where Pg is the steady~state dissipation excluding that in the 
pulses, 
Rth(t) is effective transient thermal resistance of the device 
between junction and case, and is a function of the pulse 
duration t, and duty cycle d, 
d is the duty cycle, and is equal to the pulse duration t 
divided by the periodic time T, 
Rth(case-amb) is the total thermal resistance between case 
and ambient and is equal to the difference between Rij (amb) 
and the thermal resistance from junction to case Ry, (j-case): 
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N-P-N SILICON PLANAR BFY50 
EPITAXIAL TRANSISTORS BFYSI 


b) 


¢) 


BFY52 


Pulse conditions (rectangular pulses) (cont'd) 
Example 


The following example shows how to calculate the maximum 

permissible peak dissipation of a BFY50 mounted in free air at a 

temperature not exceeding 65°C . The steady-state dissipation under 

the bottomed condition is 350mW, the pulse width is lms and the 

duty cycle is 0.2. 

The transient thermal resistance Ry ) =15.5degC/W (page 13) 
P mae = (200-65) - (0.35x220) 


15.5+0.2(220-35) 


_ 135-11 
15,5437 


=1.1W 


The peak pulse dissipation of 1.1W is therefore allowed provided 
that the voltage and current ratings of the device are not exceeded. 


Pulse conditions (other than rectangular) 


For sinusoidal and irregular shaped waveforms, the power pulse 
is converted to an equivalent rectangular pulse of the same average 
and peak values, and treated as in the previous section. 


Example 


The following example illustrates how to find the maximum permis- 
sible peak dissipation of a BFY52 operating in a class 'B' circuit 
at 1kHz. The device is mounted ona heatsink of thermal resistance 
equal to 50degC/W and at an ambient temperature not exceeding 
100°C, Assuming that the waveform is sinusoidal for half period 
and zero for the other half. 


Average of.sinewave over half cycle = are T 


Therefore equivalent rectangular pulse width of same amplitude 
and average value 


1 
& fs 


ay Teen 
2nx 10° 


n 


0.318ms 


an 
w 


Duty cycle, d =4 
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c) Pulse conditions {other than rectangular) (cont'd) 


=2 j2m_i_ 
Duty cycle, d = = - rs 0.318 
From page 13 

Ry, > 6.8degC/W (d=0) 
Ry e* 35degC/W 

= = -6.8) x0. +6. 
Rent) at d=0.318 = (35-6.8) x 0.318+6.8 

= 15.8degC/W 
P max, = £2002 100) - 0 
p "  15.8+0.318x50 
= 100 _ 
31.7 3.15W 


A peak power of 3.15W is therefore permissible provided that the 
voltage and current ratings of the device are not exceeded. 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


4, If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 
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N-P-N SILICON PLANAR BFY50 
EPITAXIAL TRANSISTORS BFYS!I 


MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


Rtn(t) BF YSO F aag32 
(deg C/w) Beven 
i nese 
Th 1 T 
“100 — + 
3 =} ante =F 4 
i det0 Be 1 this) 
5 20:2 rT Rth(to) || 
= 20:3 | E 
8 101oA att =a 
sie : § 
+ + = 
3 eon a Hi te 
bd T | fete = 
3 3 
E 10 dea : 
= 7 HH 
: Seti 
3 Rth(t) = (Rehis)-Rth(to) ) ¢*Rth(to) tt 
a Rth(s) =Steady stote thermal resistance with d=10/-4 | 
6 Rth(to)= transient thermal resistance with d=O 
e = = r= eee Se a | re a ae Ss — =a] 
164 16° 16" 16" 10° 10" 10? 


Pulse duration t(s) 
TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 
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COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 


COLLECTOR-EMITTER VOLTAGE WITH R,/R, AS PARAMETER 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


BFY50 
BFY5! 
BFY52 


woof FFT Co BFY5O [- iz Lett} ‘| BS8936 
Vv Ie <1:0mA See Te CERT ee SET 20 a ba 
cee s q —|When the emitter is -7 
(v) : —] common,a vatue of ale 
Tn >1-0MA soe 110. should be used in} tits 
; c re pan baa 4 a the calculation of +h 
50|——- Hor — Re/Re - 4 
ae big oy i TT 5 iz oases ames Sees So TH ws — aa iz) ss 
hee aT aa es | a vt" 
ms i" , ooh Pe = aime 
ea en di ee eee on f a - tT 
_ 44 tt _ ne pa Pee |. 
e 3 S87 a 6 7 SEE WEED | 7s 9 
1:0 10 100 1000 Rp/ Re 
Veen — = BrYs1 | + i f ear eee| 
max | r TUT = [ Bae we ok ee ima Pi 
(v) | I¢<1-0mA cans —- t+ TE 
mae ; When the emitter is | +7 
: common,a value of [yTil 
oe 10 should be used in - 
the calculation of 
- Ic >1-OmA . ae I oe Ra/Re r 
7 - Se : i) Fa eG = 
40 - : 
- a hone = Sara I T4 +} 
30 Lae oer hem ees +. a _ 
20 3 $7? vos gee 3. 5 7 | See: Lee 7 3 5. 7 
1:0 10 100 1000 Rp/Re 
ae FT 7 2 EAM | 
max antsewlie ss i 
™) | When the emitter is 
-— |common,a value of 
-~ }1Q should be used in 
NS |] the calculation of 
30 
20 
10L 


1:0 


10 


MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST 
R,/R, RATIO 
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100 


50 


A 


COLLECTOR AND EMITTER CUT-OFF CURRENTS PLOTTED 
AGAINST JUNCTION TEMPERATURE 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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fe) CTL L 


fe] 10 20 


TYPICAL OUTPUT CHARACTERISTICS 
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TYPICAL OUTPUT CHARACTERISTICS 
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N-P-N SILICON PLANAR BFY50 


EPITAXIAL TRANSISTORS BFYS| 
BFY52 
0-8 FH pryse L ro 8894s 
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TYPICAL OUTPUT CHARACTERISTICS 
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS 
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N-P-N SILICON PLANAR BFY50 


EPITAXIAL TRANSISTORS BFYSI 
hee Ca rH eryso FHA f[ 88950 
| He Beye) Ley 
1S0r eet TH FH 4 Po + 
PONT TT Vee s 10M rrr rr 
: toe tease HHH | | 
f z | f nice a ia + 
FANS st EE 
ara i L ! i 3 f 
100 jor mn, H i 4 [Lt { 
sitet et ™~ SASF 5 rt is 
| is am tort 
“4 : ie i: i iz “AES SF ys . TT ama as 
Pea ini | 4 Ht 7] i SEYSG J 
Bee Gee Be Arlee 
mane | J4 soy. 5 
3 + os “cr | it 
im | ct oe ae im i i ca cc ii 
eae hag PoeNE She oe: 
° O-2 0-6 0-8 IgA) 1-0 
nee HAHA BFYSO TTT meee! 
EEE EEE Hor vo site 
15014 . | I¢ =150mA FT 
: CEH A+ 
Toca et 
in 210MA a 
tees 
100 fs 
; 1 Co-800 mai 
t CH HH 
ans np Coe H HH 
cet 
H , Pe rt ama mo H 
50 feaseeee =1000 mA | 
aiaeiase ae gaye 
a | 5 es t TT | t 
aan i. } 
manent eugene 4 
C t CEE EE EEE AH] 
) EEEEH HEH EEECEE EEE AEE { 
-50 O 50 100 80 -T;(°C) 


TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT AND JUNCTION TEMPERATURE 


Mullard 


BFYS50-Page 21 


88953 


1000mA - 


BFY52 


Vce =10V 


200 


100 


Tj Cc) 


1400 150 


50 


-50 


TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST JUNCTION TEMPERATURE 


Mullard 


BFY50-Page 22 


N-P-N SILICON PLANAR BFY50 
EPITAXIAL TRANSISTORS BEYSI 
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100 HH Ht HH f=35MH2 EO 
y HH fame sene PEE 
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TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT 
ts 
ts at 25°C tt 


1.0 
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Typical storage time 


Typical collector capacitance versus 
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N-P-N SILICON PLANAR BFY50 
EPITAXIAL TRANSISTORS BFYSI 
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TYPICAL BASE-EMITTER SATURATION VOLTAGE 
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N-P-N SILICON PLANAR BFYSO 
EPITAXIAL TRANSISTORS BFYSI 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 


BFY53 


Silicon n-p-n planar epitaxial transistor for general purpose industrial applications. 
Encapsulated in TO-5 envelope with the collector connected to can. 


QUICK REFERENCE DATA a | 
Vopo max 40 Vv 
Voro max 20 Vv 
low max. 1.0 A 
Prot max. (T, mb= 25° C) 800 mW 
(ToaseS2? °c) 5.0 Ww 
hy Ug=150mA, V,,=10V) min. 30 
typ. 75 
fp min. (7 50mA, Vor™ Lov, 
f=35MHz, T, = 25°C) 50 MHz 
OUTLINE AND DIMENSIONS 
Conforms to BS3934 SO-3/SB3-3A 
J.E,D,E,C, TO-5 
Millimetres 
Min Nom. Max 
~— A— A 9.1 - 9.4 
fe 8 B 8.2 - 8.5 
Cc 6.1 - 6.6 
D - 5.08 - 
E 0.71 = 0.86 
Fl - - 0.51 
F2 12.7 - - 
F3 38.1 - 41.3 
Gl - - L.01 
G2 0.41 - 0.48 
G3 - - 0.53 
H 0.3 - 0.8 
Collector connected to can J 0.74 me 1.0 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Vopo 


max, 


Vv max, (cut-off, I cf 1mA) 


VEBO 


max, 


max. 


I, max. 


lim m 


AX, 


RB max. 


Apu max. 
Pm (T ae 25°C) 


tot 


(v___<25°C) 
case 


Temperature 
Tot range 


g 


T, max. 


j 


THERMAL CHARACTERISTICS 


Rtng-amb) 
Rin(j-case) 


40 
40 
20 
6.0 
1.0 
1.0 
1.0 
1.0 
100 
100 
800 
5.0 


-65 to +200 


200 


220 
35 


ELECTRICAL CHARACTERISTICS t = 25°C unless otherwise stated) 


ToBo 


EBO 


Collector cut-off current 
Vop40V, 1,70 
Cc 


Vop 20V, 1,=0 


Vop720V, I 


Cc E 


Emitter cut-off current 


Vip 8 OV, 1,0 


Vip 5 OV, 1,70 


EB Cc 


V_.=5.0V, 1,=0, T,-100"C 


= = = bad 
Vop740V. 1,79, T,=100'C 


=0e a= 100°C 
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Min. 


Typ. 


10 


0.5 
2.0 
0.1 


10 


Vv 

Vv 

Vv 

Vv 

A 

A 

A 

A 

mA 

mA 

mW 

Ww 

re 

° 

degC/W 

degC/W 
Max 

500 nA 

30 pA 

50 nA 

2.5 pA 

500 nA 

50 nA 

2.5 pA 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. 


h Static forward current 
FE . 
transfer ratio 


1,=lomA, Vor t 


1,7 150mA, V,.=10V 30 
1,=500mA, V,.,=10V 18 


= 1 = 0 
I, OA, Vor 10V L 


OV 20 


oak j t i 
Vox (sat) Collector-emitter saturation 
voltage 


1,=10mA, 1, 71.0mA - 
1,=150mA, I,=15mA ca 
I..=500mA, I 


é =50mA m 
=1.0A, I, 


100mA = 


Io Bs 


I 
Cc 
Base-emitter saturation voltage 

1,=l0mA, 1,71.0mA - 


1,7150mA, I,=15mA " 


1,=500mA, 1, =50mA = 


VBE (sat) 


lo to 


=1.0A, I, 100mA * 


I 
Cc 
Cc Collector capacitance 


Te _ ed 
Voz lV; In I, 0, 


f=1.0MHz 


f, Transition frequency 


1,750mA, Vor” 10V, 


f=35MHz, T = 25°C 50 
amb 


Small signal forward current 
transfer ratio 


1,=1.0mA, Vopr 5-0V, 


f=1.0kHz, T = 25°C 10 
amb 


Nee 
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Max 
0.15 Vv 
0.35 Vv 
1.00 Vv 
2.00 Vv 
1.2 Vv 
1.3 Vv 
1.5 Vv 
2.0 Vv 
12 pF 
- MHz 
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SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a solderingiron, transistors maybe soldered directly into the circuit, 
but heat conducted to the junction should if possible be kept to a minimum by the 
use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for a maxi- 
mum soldering time of 5 seconds. The case temperature during soldering must 
not at any time exceed the maximum storage temperature. These recommendations 
apply to a transistor mounted flush on a board having punched-through holes, or 
spaced at least 1.5mm above a board having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the seal. 


4. If devices are stored at temperatures above 100°C before incorporation into 
equipment, some deterioration of the external surface is likely to occur which 
may make soldering into the circuit difficult. Under these circumstances the 
leads should be retinned using a suitable activated flux. 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BFY53 
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ee T { +H 
= ae 
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is] Rth = transient thermal! resistance with d=0O 
£ u Be Cor a ee a ee eo a 
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Veet V) 


2 


Ip(mA) 


30 


0 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BFYS3 
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BFY53 


N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR BFY90 


N-P-N silicon planar epitaxial transistor featuring low noise, low inter- 
modulation distortion and a high transitionfrequency. Intended for military 
and industrial applications, 


QUICK REFERENCE DATA 


= 25°C) 


max, (Tomb 


T. max. 
fr min, 1,=2.0mA, Vog 75: OV 


1,=25mA, Vop 75. 


-c max, 1.=2.0mA, f=1.0Mc/s 
re Cc 
Max. noise figure, 1,72, 0mA, £=500Mc/s 


OUTLINE AND DIMENSIONS 


Conforming to B.S.3934 SO-12A/SB4~3 
J.E.D.E.C, TO-72 


A Millimetres 
cree 


Min. Nom. Max. 
A - - 4.8 
B - - 5.33 
Cc 12.7 - - 
D - =. 0.48 
E = - 1,17 
F = - 1.16 
G 7 2,54 - 
H 7 - 5. 83 

Viewed from underside 
Connections: 1. Emitter 3. Collector 
2. Base 4, Shield connected to envelope 


Mullard 


OCTOBER 1966 BFY90 Page 1 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vopo max, @,, = 9%) 30 Vv 
Voro Max: My = 0 1, =10mA) 15 Vv 
Vso max. €,=9) 2.5 Vv 
I CM max. 50 mA 
In (AV) max, baba ath over any 100us period) 25 mA 
Pot max. (Tomb 2? C) 200 mW 
Temperature 
Tmax. 200 °¢ 
stg 
T min. -65 °o 
stg 
yi max. 200 °c 


THERMAL CHARACTERISTICS 
®,_amb (in free air) 0.88 degC/mW 


J 
2 oaae 0.58 degC/mW 


ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise specified) 


Min. Typ. Max. 
Collector cut~off current 


= = = = a 
IaBo Vop 15V, la 0 10 nA 
lors Vog = V, Vpr7? - - 10 pA 
i Base current 
- = = Ed = * 
Tp 2,0mA, Vos 0 13,2 77 pA 
- = rt * - * 
I 25mA, Vop 0 200 1200 pA 
h Static forward current 
FE : 
transfer ratio 
1,=2.0mA, Vog 71: 0V 25 ~ 150 
1, =25mA, Vog 71. 0V 20 - 125 
fp Transition frequencyt 
1,=2.0mA, Vag 75 0V 1.0 - -  Ge/s 
T,=25mA, Vp =5.0V 1.3 - - Ge/s 
Cro Collector capacitance** 
Vop 710V, 1p =1, = 0, £=1. 0Mc/s - - 1.5 pF 
c te Emitter capacitance 
Vip 70:5V, 1-1-0, 
£=1.0Mc/s - - 2.0 pF 
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SILICON PLANAR EPITAXIAL 


N-P-N TRANSISTOR 


v 


NF 


d, 
im 


CEO(sust) 


Collector-emitter sustaining 


voltage 


-1 oe 
I, OmA, I, 0 


Feedback capacitance 


1L,=2.0mA, V 


Cc 
f=1.0Mc/s 


CE =5.0V, 


Feedback time constantt 


us =2,.0mA, V 
f=10.7Mc/s 


CB =5.0V, 


Noise figuret, I, =2.0mA, 


Vopr 75: OV 


f=100ke/s, optimum R, 


f=200Mc/s, optimum Z.. 
£=500Mc/s, R, =502 


Intermodulation distortion 


(See fig. 1) 


1,=14mA, V 


Cc 
f£=217Mc/s 


CE 


6. 0V, 


V,=100mvV, R, =37.52 
f =183Mc/s, f, =200Mc/s 


Output powerf (See fig. 2) 


1, =22.5mA, V4, =13.5V, 

Pp, =25mW 

£=500Mc/s, T __-=25°C 
case 


Min. Typ. Max 
15 - = Vv 
- - 0.8 pF 
2.0 - 12 ps 
- - 4.0 dB 
~ - 3.5 dB 
- - 5.0 dB 
- -53 - dB 
175 - - mW 


*These are the characteristics which are recommended for acceptance testing 


purposes. 


TShield lead grounded. 


**Shield lead not connected 


fCare must be taken to reduce steady state current when no h.f, signal is 


applied. 
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Small signal y-parameters 


=2, ; =5.0V, f=5 
1=2.0mA, Van =5.0V, f 00Mc/s 
Min. Typ. Max. 
Sie Input conductance - 16 - mmho 
Ce Input capacitance - 3.75 - pF 
ly. Feedback admittance - 1.55 - mmho 
®., Phase angle of Vis - 258 - deg 
l¥eo! Forward transfer admittance - 45 - mmho 
D,, Phase angle of Veo - 285 - deg 
Soe Output conductance - 0.19 - mmho 
- Output capacitance - Lo - pF 
Gum ae unilateralised power 
ly,.! 
10 log Zz 
Fi e®oe 
1,=2.0mA, Vor =5.0V, 
£=500Mc/s - 22 - dB 
INTERMODULATION DISTORTION TEST CIRCUIT 
BFYSO 680pF 
680pF —Hl 075.0. 
50n. +i 
Vj 502 47 43 470.2 9M VY 
ka ka 
of Bs 
4-0nNF I 
a —O +24V 
8200. (-I, =14mA) 
85743 —~O = 
Fig. 1. 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR BFY90 


CIRCUIT FOR MEASUREMENT OF THE OUTPUT POWER 


BF YSO 


lt 
4 
souk cai : dF 2020007 50.0. 
Sono fF (0 4 
x Le i 
io : C4 Xo 
12nF 12pF 
+h +4 L 120F 
fos oo oo. a — + - —O 
if i a 1000. Bia : ‘6 
TOKA 
- aa _ 
me Nee 2 5744] 
Fig. 2. 
Cc, =16pF air-gap trimmer L, =copper strip 20x 4x 1.5mm 
C,,C5,C, =6pF ceramic trimmer L,»L =10 turns of 0.7mm 
en. copper wire, dia=4mm 


Lal turn of 1mm copper wire, 
dia =8mm 


L,,L, =1turnof 1mm copper wire 
a5 
dia=7mm 


B5745 4-0 
Bad 
ee | 
tS 
=. 
6Omm 
Chassis Ye 
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SOLDERING AND WIRING RECOMMENDATIONS 


1. 


When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal] shunt. 


Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage tem- 
perature. These recommendations apply to a transistor mounted flush 
on a board having punched-through holes, or spaced at least 1.5mm 
above a board having plated-through holes. 


. Care should be taken not to bend the leads nearer than 1.5mm from the 


seal, 


If devices are stored above 100°C before incorporation into equipment, 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances 
the leads should be retinned using a suitable activated flux. 
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BFY90 


SILICON PLANAR EPITAXIAL 


N-P-N TRANSISTOR 
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TYPICAL OUTPUT CHARACTERISTICS 
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TRANSFER CHARACTERISTICS 
TYPICAL INPUT CHARACTERISTIC 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR BFY90 
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TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT 
WITH JUNCTION TEMPERATURE 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR BFY90 


fF 


(Geis) | 


o 80 Oo” 6 20. Ig(mA) 


TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT 


CONTOURS OF CONSTANT TRANSITION FREQUENCY 
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COLLECTOR CAPACITANCE PLOTTED AGAINST 
COLLECTOR-BASE VOLTAGE 


EMITTER CAPACITANCE PLOTTED AGAINST 
EMITTER-BASE VOLTAGE 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR BFY90 
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TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR BFY90 
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TYPICAL INPUT ADMITTANCE PLOTTED AGAINST 
COLLECTOR CURRENT AND FREQUENCY 
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TYPICAL OUTPUT ADMITTANCE PLOTTED AGAINST 
COLLECTOR CURRENT AND FREQUENCY 
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U.H.F. POWER BGY22 
AMPLIFIER MODULES BGY22A 


TENTATIVE DATA 


Broadband u.h.f. amplifier modules primarily designed for mobile applications 
operating directly from 12V vehicle electrical systems. The modules will produce 
2.5W output into a 502 load over the bands 380-512MHz (BGY22), and 420-480MHz 
(BGY22A). 


QUICK REFERENCE DATA 


Voc Ey Pe 7 
Vv) (mW) 
50 


13.5 


Matched input 
and output Z 


380-512 
380-512 
420-480 


2.5 min. 


13.5 50 2.9 typ. 
12.5 50 2.5 min, 


Mechanical details 
on page 10. 


O.C.suppty 


06233 +ve D.C. supply 
O 


2, 


RF. output 


fo 


R.Finput 


of 


Flange 


O 
~ve supply terminal) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vv cc Max D.C. voltage - supply terminal to flange 18 Vv 
Vv max. D.C. voltage - input terminal to flange 425 Vv 
V nit max, D.C. voltage - output terminal to flange +25 Vv 
La max. D.C. supply terminal current 800 mA 
Py max. Voc = 13.5V, a = 502 150 mW 


o lo 


nom. Veghom. 


| Where PE nom = PE at Voc = 13.5V, Zy = 502 (BG Y22), 


and Po nom = PL at Voc = 12.5V, zy = 502 (BGY22A). 
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U.H.F. POWER BGY22 
AMPLIFIER MODULES BGY22A 


OPERATING CHARACTERISTICS (At T, = 25°C unless otherwise stated) 


h 
Reference planes at RF input and output terminals are 1mm from the plastic encap- 


sulation. 
Frequency range 380 - 512MHz, Vac = 13.5V (BGY22) 


Frequency range 420 - 480MHz, Voc = 12.5V (BGY22A) 


Min. Typ. Max. 

ly Quiescent current 

Py =0 4.0 ~ 12 mA 
PL Load power . 

Py = 50mW 2.5 - 3.5 Ww 
q Efficiency 

Py = 50mW 40 is s x, 
La Module current 

Py = 50mW ra 475 a mA 

Harmonic content 
P. = 50mW Any harmonic is at least 20dB 


D : ‘ 
down relative to carrier 


Input V.S.W.R. with respect to 502 


Py = 50mW - - 2:1 
Temperature coefficient of PL 

Py = 50mW, Ty, = 25 to 70°C - =10 - mw/°c 
Stability 

Voc = 10.5 to 15V, Pp = 10mW to 100mw 

Th = -40 to +90°C 

Output load V.S.W.R. =3: 1, all phases No instabilities 

Output load V.S.W.R, =10:; 1, all phases No appreciable 

instabilities 


THERMAL CHARACTERISTICS 
T_.. range -40 to +100 Cc 
stg 


Th range -40 to +90 
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iitsee 
Typical curves 


Typical cur 
Voc = 13-5V 
= 25°C 


Mullard 


BGY22 -Page 4 


U.H.F. POWER 


AMPLIFIER MODULES 


APPLICATION INFORMATION 


R.F. performance in c.w. operation, Th = 25°C. 


Drive source and Load Impedance = 502. 


380-512 
380-512 
380-512 
380-512 
420-480 


3.5 typ. 
2.5 min, 


2.9 typ. 


2.5 typ. 


2.5 min, 


BGY22 
BGY22A 


The modules are designed to withstand full load mismatch under the following con- 


ditions, 


P_=P_ nom + 20%, T= 70°C, 


D D 
= 16.5V (BGY22) 


= 15.0V (BGY22A) 


cc 


Voc 


V.S.W.R. = 50:1 at any phase 


where P. nom = Py for 2.5W module output under nominal conditions. 


D 
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APPLICATION INFORMATION (Cont'd) 


oe O13 


hfs 380MHz. 


fpr 
sec Pye -3 Cords SHY | 


Sf =512MHz 


RESISTANCERCOMPONENT| 
aA 


E 
f 
FY 
2 
i 
2 
3 
g 
8 
3 
¥ 
% 


| 
3 
3 


oni 
ane, 


¥ 


= 420MHZE5 


ote 


Or evet 
we 


TYPICAL VARIATION OF INPUT IMPEDANCE WITH FREQUENCY~ 
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U.H.F. POWER BGY22 
AMPLIFIER MODULES | BGY22A 


APPLICATION INFORMATION (Cont'd) 


frat tettt abet 


Eaeebe 


TYPICAL VARIATION OF POWER DISSIPATION WITH LOAD IMPEDANCE 
f = 470MHz 


Voc = 13.5V 
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APPLICATION INFORMATION (Cont' d) 


Hom COEPHICIEAT Dee, 
ees 


= 
3 ois 
RESIST ‘ComPONENT(A) 


P. = 50mW 
= 470MHz 


= 13.5V 


TYPICAL VARIATION OF LOAD POWER WITH LOAD IMPEDANCE 
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U.H.F. POWER BGY22 
AMPLIFIER MODULES BGY22A 


APPLICATION INFORMATION (Cont'd) 


off «| o| 


rESISTABCE COMPORENT| 


TYPICAL VARIATION OF EFFICIENCY WITH LOAD IMPEDANCE 


PD = 50mW 
£ = 470MHz 
Voc = 13.5V 
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OUTLINE AND DIMENSIONS 


Flange is earth connection (-) 7.0 


05185 


All dimensions in millimetres 


MOUNTING 


Toensure good thermal contact between mountingbase and heatsink, burrs or thick- 
ening at the edges of the heatsink holes should be removed and the package bolted 
down onto a flat surface. 


Devices may be soldered directly into acircuit with a soldering iron at a maximum 
iron temperature of 245°C for 10 seconds at least Imm from the plastic. 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic, The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware ofits nature and ofthe necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are dam - 
aged or broken they MUST NOT be sent through the post. In this case, advice is 
available from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O. BOX 142 

NEW ROAD 

MITCHAM 

SURREY, CR4 4SR 
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U.H.F. POWER BGY23 
AMPLIFIER MODULES BGY23A 


TENTATIVE DATA 


Broadband u.h.f. amplifier modules primarily designed for mobile applications 
operating directly from 12V vehicle systems. The modules are suitable for driving 
directly from the BGY22 and BGY22A respectively, and when so driven will produce 
7W output into a 502 load over the band 380-480MHz (BGY23), and 7W over the band 
420-480MHz (BGY23A). 


: QUICK REFERENCE DATA 


Matched input 
and output Z 


380 -480 
380 -480 
480-512 
420-480 


Mechanical details 
on page 10 


OC.supply 


+ve D.C. supply 


fo RF. output 


R.F. input 


Flange 
D5528 (-ve supply terminal) 
Mullard 
MAY 1973 . BGY23 ~ Page 1 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vv cc max. D.C. voltage - supply terminal to flange 18 Vv 
“Vin max. D.C. voltage - input terminal to flange +0.5 Vv 
Vour max D.C. voltage - output terminal to flange +25 Vv 
Ln max. D.C. supply terminal current 1.7 A 


[If 


TT IA 
i Fil 
| 

F 

Y 


Py nom Voc nom 


Where P; fom. = Po at Voc = 13.5V, zy = 50Q (BGY23) 


and PE nom. =P_ at .V 


L cc 12.5V, Zz = 502 (BGY23A) 


*No external D.C. connection should be made to this terminal. 
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U.H.F. POWER BGY23 
AMPLIFIER MODULES BGY23A 


OPERATING CHARACTERISTICS (At Ty = 25° unless otherwise stated. ) 
Reference planes at RF input and output terminals are Imm from the plastic encap - 
sulation. 
Frequency range 380 - 512 MHz, Voc = 13.5V (BGY23) 


Frequency range 420 - 480 MHz, Voc = 12.5V (BGY23A) 


Min. Typ. Max. 


ua) Quiescent Current _ 2 5.0 aay 
P.=0 
D 
PL Load Power 
Py =2.5W, f = 380-480MHz BGY 23 7.0 - 9.5 WwW 
Py =2.5W, f = 480-512MHz BGY 23 a 7.5 = WwW 
Py =2.5W, £ =420-480MHz BGY 23A 7.0 & 9.5 WwW 
n Efficiency 6 
- 0 = = % 
Py =2.5W 
I, Module Current 7 - 
in pp -2.5W 900 mA 
D 
Harmonic Content Any harmonic is at 
Py =2.5W least 20dB down 


relative to carrier. 


Input V.S.W.R. with respect to 502 


-2, é - 2:1 
Pb SW 
Temperature coefficient of P 
Py = 2.5W, Ty = 25°C to 70°C xs -20 - mw/°c 
Stability 
Voc = 10.5 to 15V, Py =1.0to 3.5W 
T,, = ~40to +90°C 
Output load V.S.W.R, = 3: 1, all phases No instabilities 
Output load V.S.W.R. = 10: 1, all phases No appreciable 
instabilities 
THERMAL CHARACTERISTICS 
ety range -40 to +100 ae 
T, range -40 to +90 "6 
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Typical curves 
Pp =2.5W 
Ty, = 25°C 


Typical curves 
Vec213.5V 
Th = 25°C 


380 


a 
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U.H.F. POWER BGY23 
AMPLIFIER MODULES BGY23A 


APPLICATION INFORMATION 


R.F. performance in c.w. operation, Ty) = 25°C 


Drive Source and Load Impedance = 502 


380-512 
380-480 


380-480 
480-512 
380-512 
420-480 


Connection to the BGY22/BGY22A respectively can be either by 502 transmission 
line or directly with a total lead length not greater than 2mm. 


The module is designed to withstand full load mis-match under the following 
conditions: 


P_ =P. nom+20%, T,, = 70°C 


D D 
Voc = 16.5V (BGY23) 
Voc = 15.0V (BGY23A) 


V.S.W.R. =50: 1 at any phase. 


where P_ nom = Py for 7.0W module output under nominal conditions. 
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APPLICATION INFORMATION (Cont'd) 


f = 480MHz 


f = 380MHz 
ef teltel Hey + Hattts 


Af = 512MHz 


RESIST: omponent(z) 


f = 420MHze% 


TYPICAL VARIATION OF INPUT IMPEDANCE WITH FREQUENCY 
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U.H.F. POWER BGY23 
AMPLIFIER MODULES BGY23A 


APPLICATION INFORMATION (Cont'd) 
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BGY22/23 or BGY22A/23A CASCADED AMPLIFIER AT 470 MHz 
TYPICAL VARIATION OF OVERALL POWER DISSIPATION WITH LOAD IMPEDANCE 


Voc = 13.5V 
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APPLICATION INFORMATION (Cont'd) 


ETON COEPCIENT in oggy 
ees 


5 LOAD @——4 


TOF MEFUEl 


BGY22/23 or BGY22A/23A CASCADED AMPLIFIER AT 470 MHz 


TYPICAL VARIATION OF LOAD POWER WITH LOAD IMPEDANCE 


Voc = 13.5V 
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BGY23 
BGY23A 


U.H.F. POWER 
AMPLIFIER MODULES 


APPLICATION INFORMATION (Cont' d) 


o 


OK / 
PELL 


BGY22/23 or BGY22A/23A CASCADED AMPLIFIER AT 470 MHz 
TYPICAL VARIATION OF OVERALL EFFICIENCY WITH LOAD IMPEDANCE 
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OUTLINE AND DIMENSIONS 


Flange is earth connection (-) 7.0 


D5185 


All dimensions in millimetres 


MOUNTING 


To ensure good thermal contact between mountingbase and heatsink, burrs or thick - 
ening at the edges of the heatsink holes should be removed and the package bolted 
down onto a flat surface. 


Devices may be soldered directly into a circuit with a soldering iron at a maximum 
iron temperature of 245 C for 10 seconds at least 1mm from the plastic. 


CAUTION 


This device incorporated Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device areaware of itsnatureand of the necessary safety precautions. Inparticular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If anyare dam - 
aged or broken they MUST NOT be sent through the post. In this case, advice is 
available from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O. BOX 142 

NEW ROAD 

MITCHAM. 

SURREY, CR4 4SR 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX13 


N-P-N silicon planar epitaxial transistor intended for s.s.b. in class A and AB 
and f.m. transmitting applications in class B with a supply voltage up to 28V. The 
transistor is designed to withstand severe load mismatch conditions. It has a capstan 
envelope with a moulded cap and all leads isolated from the stud. 


QUICK REFERENCE DATA 


Operation | Class | V 


cc 


Operation }| Class Voc f Py Py c I, n 


(V) | (MHz)} (W) | (W)| (QB) (A) | (%) 


typ.} typ. | typ. = a 
17 | 1.49] 60 0.53-j1.4] 42.5-j54 


OUTLINE AND DIMENSIONS 


S41 0142 
ae ep eee | lI on2 


~<—_— 


10-32 UNF - 95 


t 


eae <—_— 


3.00 

285° | 
11.6 575 
10.6. 525 ~~ 


—— 


All dimensions in mm 


Torque on nut: min. 15kg cm (1.5N m) 
max. 17kg cm (1.7N m) 


Diameter of clearance hole in heatsink: max. 5mm 


Note: - Do not chamfer the edges of the mounting holes when removing burrs. 
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RATINGS 


Limiting values of operation according to the absolute maximum system 


Electrical 
: 65 
VoBOM max Vv 
Vo EO max. 36 Vv 
Vero max. 4.0 Vv 
: 3.0 
To (avy max A 
I max. (f > 1MHz) 6.0 A 
CM 
: = 25°C, f > 1MH 62.5 
Prot max (Th Cif 2) 62.5 Ww 
Temperature 
T -30 to #200 °c 
stg 
T, max. 200 °c 


THERMAL CHARACTERISTIC 


Reng-mb) 
Renqmb-h) 


50 100 Th (°C) 150 


SAFE OPERATING AREAS 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX13 


ELECTRICAL CHARACTERISTICS ae = 25°C unless otherwise stated) 


Min. Typ. Max. 
Vv Collector-base breakdown voltage 
B 
(SEBO Iu = 50mA, open emitter 65 = = Vv 
Vv Collector-emitter breakdown voltage 
VEO I, = 50mA, open base 36 - - Vv 
Vv Emitter-base breakdown voltage 
(EERO L, = 10mA, open collector 4.0 - = Vv 
E Transient energy 
L= 25mH, f = 50Hz 
open base 8.0 - = mWs 
Var = Lubv., Ror = 332 8.0 - 7 mWs 
hy E Static forward current transfer ratio 
=1.0A, =5V 
I, A Vor 5 10 50 100 
fn Transition frequency 
Ine 3.0A, Vog 7 20V 7 500 - MHz 
Cre Collector capacitance 
I, 2 I, =0, Vor = 30V, f = 1MHz - 50 65 pF 
“Co. Feedback capacitance 
I = 100mA, Vor = 28V - 31 = pF 
oe Collector-stud capacitance - 2.0 - pF 


The issue of the information contained in this publication does not imply 
any authority ar licence for the utilisation of any patented feature. 


Mullard 


BLX13 Page 3 


02855 


600 
PoE 
Ais H aanee 
aan as 
400 [ 4 = 
EHH tt i aa 
HH rr im 
200 
HEE HH eee root H 
H PirSeE iE ne 
a i : L L aa 


ET he Ig=I,=0 
| |f =1MHz 
|_| 


20) VcoB(V)30 0.6 


Mullard 


07 8608 


0.9 


1011 Vge(V) 


BLX13 Page 4 


N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX13 


APPLICATION INFORMATION 


R.F. performance in S.8.B. operation (linear power amplifier) 


f, = 28.000MHz, f, = 28.001MHz 


1 


*h Class 
(°C) 


a) “ae 


*The figure givenis the maximum encountered at any we level between the speci- 
fied values of P.E.P. and is referred to the according level of either of the equal 
amplified tones. Relative to the according peak envelopepower this figure should be 
increased by 6dB. 


“35 


te) 5 PER (W) 10 


Test circuit: Class A 


260pF 50n 


10 to 
780pF 


son 


{__} t=} re] 
~Yes 8.20 (5W) 56f (15W) +Vec 


masa 


Ll = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 7mm, leads 
50mm (total). 

L2 = 7 turns of enamelled copper wire (0.7mm); 60uH. 

L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 10mm. 

L4 = 7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 12mm. 
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APPLICATION INFORMATION (contd .) 
R.F. performance in S.S.B. operation (linear power amplifier) 


f= = 28.000MHz, f, = 28.001MHz, Ty, < 25°C 


Voc a, logs Class 
(V) - (dB) oe al 


*Intermodulation distortion figure quoted is related tothe according level of either of 
the equal amplified tones. Relative to the according peak envelope power, this figure 
should be increased by 6dB. 


03096 


Test circuit:- Class AB 


160 to 
260pF 5002 


s0n 780pF L1 


10 to E 
780pF 


ayvio 4 |3.9nF ; 
1009 68 
O 
03186 ras (5W) 7 (3W) +Vcc 


Ll = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm;int.dia.7mm, leads 
50mm (total) 

L2 = 7 turns of enamelled copper wire (0.7mm); 60uH. 

L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 10mm. 

L4 = 7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 12mm. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX13 


APPLICATION INFORMATION (contd.) 


Typical large signal input impedance and transistor power gain in a class AB amplifier 
= 25mA, T, = 25°C. 


at Voc = 28V, PL = 25W(P.E.P.), zy = 12.52, lugs 


Lp 
S Sa eseN. 


o, 


we 
SIO PRATT ss 
PROTA 
3 SLES 


nee sen 
ee Se" 
o OO be TRS 
manneetoneS, 
: SS 


03097 


Zo710 1. 


0 2 5 f (MHz) 100 
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APPLICATION INFORMATION (contd. ) 
R.F. performance in C.W. operation (Class B) 


= to) 
Voc = 28V, Ty, < 25°C 


Sel RR eReee 

Be Ae 

ne ae eeee eee 
a Me ifs apes est st a 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX13 


APPLICATION INFORMATION (contd.) 
Test circuit:- 70MHz (class B) 


L2 4&to100pF 500 


Son 4to40pF ul T.U.T. 


O +Voc=28V 3098 


Li = 3 turns of enamelled copper wire (1.5mm) 93nH; int. dia. 10mm, length 8mm, leads 
2x 5mm. 

L2 = 5 turns of enamelled copper wire (1.5mm) 147nH; int. dia. 9mm, length 14mm, leads 
2x 5mm. 

L3 = 4 turns of enamelled copper wire (1.5mm) 118nH; int. dia. 9min, length 10.5mm, 
leads 2 X 5mm. 

L4 = Ferroxcube choke 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of itsnature and of thenecessary safety precautions. In particular 
it should never be thrown out with general industrial or domestic waste. 


’ 


DISPOSAL SERVICE 


Devices requiring disposal may be returned tothe Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from: 

The Service Department 

Mullard Limited 

2 New Road 

Mitcham Junction 

Surrey. CR4 4XY. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX14 


Silicon n-p-n planar epitaxial transmitting transistor in a plastic stripline package, for 
use in s.s.b. and-c.w. equipment with a 28V supply, operating in the v.h.f. band. 
The BLX14 is rated at 50W P.E.P. in the frequency range 1.6 to 28MHz (intermod- 
ulation better than 30dB down, full load mismatch permissible at stud temperatures 
up to 70°C) and at 50W for frequencies up to 70MHz in the c.w. operation. 


QUICK REFERENCE DATA 


1.6 to 28} 15(P.E.P.) 


1.6 to28| 7.5 to 50 
(P.E.P.) 


70 
30 


02812 "x28 UNF 


Torque on nut: 23kg cm (2.3N m) min. 
27kg cm (2.7N m) max. 


Diameter of clearance hole in heatsink: 6.5mm max. 


Note: Do not chamfer the edges of the mounting holes when removing burrs. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Yopom ™2* 


VoeRM max. (Ror =102) 


Vv CEO max. 
VieBo 


C(AV) max. 
Igy max. (E> MHz) 


o 
Py op max: (Ty, < 25°C, £> 1MHz) 


max. 


I 


Temperature 


Lee 


T, max. 
J 
THERMAL CHARACTERISTICS 


Beng-mb) 
Ren(mb-h) 


8 
2 


ee 2 
short time IN. 


xy 
ao 
N= 


operation 
100T vswrR>3 


oO 


) 50 100 T,(°C) 150 


85 
85 
36 
4.0 
4.0 
12 
88 


-65 to +200 
200 


1.8 
0.2 


Zrprprdddd€ 


a 


degC/W 
degC /W 


02814 


rT TTT TT TTT yt et 
.c. conditions L] 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS (T; =25°C unless otherwise stated) 


V(BR)CBO 
V(BR)CER 
V(BR)CEO 
V (BR) EBO 


VoK(sat) 


FE 


Collector-base breakdown voltage 
open emitter, I Cc =25mA 
Collector-emitter breakdown voltage 
Ror =10Q, I, =25mA 
Collector-emitter breakdown voltage 
open base, Iu =50mA 

Emitter-base breakdown voltage 
open collector, 7 =10mA 


Collector-emitter saturation voltage 
1,70.7A, r,79. 14A 


Transient energy 
L=25mH, f=50Hz 
open base 


Vor 1-5V, R 332 


BE 


Static forward current transfer ratio 


Transition frequency 
1.73.04, Vop7 lOV 


Collector capacitance 


=I =0, = = 
I I, Vop 30V, £=1MHz 


Feedback capacitance 
I, =100mA, Vor™ 28V, f=1MHz 


Collector-stud capacitance 


Mullard 


Min. 


85 


85 


36 


oo 
ee 
oo 


15 


Typ. Max. 
- - Vv 
- - Vv 
= = Vv 
- - Vv 
- 1.0 Vv 
= - mWs 
= - mWs 
- 100 
250 = MHz 
115 125 pF 
90 - pF 
3.5 - pF 
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02815 


20 Veg (V) 30 


1000 Vge(mv) 1200 


800 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX14 


APPLICATION INFORMATION 


R.F. performance in S.S.B. operation (linear power amplifier) 


° 
= : 2 
Voc 28V; Th up to 25 C 


f, = 28.000MHz; fy = 28.001MHz 


Output a Nat a,t 4, t lugs In 
power Class 
(W) (dB) (%) (dB) (dB) (A) (A) 


At temperatures up to 90°C the output power relative to that at 25°C is diminished 
by a factor of -40mW/degC. 


The transistor is designed to withstand a full load mismatch operating under 50W 
P.E.P. at Vacg™ 28V and T= 70°C. 


Test circuit:- Class A-B 


L4  160to260pF 50. 


{_\ 
0 10to780pF po a 
50 10to780p 
a ee 
UN 3 18to575 pF 


L1 = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int 


. dia. 
7mm, leads 50mm (total). 
L2 = 7 turns of enamelled copper wire (0.7mm); 60uH. 
L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 


10mm. 


14 =7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 
12mm. 


+Maximum values encountered at any level of drive refer to the amplitude of either 
of the two equal tones at that level. 
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typical curves 
Vec= 28V 

1 = 28.000 MHz 
f2= 28.001 MHz 


Voc =28V 
f; =28,000MHz 


LI 
0 25 50 P.E.P.(W) 75 
60 2820 
TT Ett TTT ty To Ty 
PET TTT Tet yy 
PEP typical curves er LY 
a ie ; = 28000 MHz RaGHe 
(W) )=28001MHz 


4 
Th (°C) 125 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX14 


ro] 


f 


1 2 e : 10 5 f (MHz) ° 7 400 


S.S.B. class AB operation 


Py = 50W P.E.P. 
Voc = 28V 

I, = 100mA 

Zz = 6.252 

Th = 25°C 
Curves 


1. This curve applies to a push-pull amplifier with cross neutralisation. 
Collector-base neutralising capacitor = 82pF. 


2. This curve applies to an un-neutralised amplifier. 
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S.S.B. class AB operation 


PL = 50W P.E.P. Zy = 6.252 

= — 0. 
Voc 28V T, 25°C 
In = 100mA 


The upper curve applies to a push-pull amplifier with cross neutralisation. 


Collector-base neutralising capacitor = 82pF 


The lower curve applies to an un-neutralised amplifier. 


Mullard 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX14 


APPLICATION INFORMATION (contd. ) 
R.F. performance in §.S.B. operation (linear power amplifier) 


Vo oc 28Y> Th up to 25°C, f =28.000MHz, £,=28. -001MHz 


Output 
aaa Class 
(dB) (%) (dB) (dB) 


} See note on page 5. 


Test circuit: - Class A 
La 160to 260pF aot 


50. 10to780PF |, TY 
= ‘4 
UN 15to575 pF 
10to780pF 


~Vag0 


01525 


L1 = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 
7mm,leads 50mm (total). 

L2 = 7 turns of enamelled copper wire (0.7mm); 60uH. 

L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 


10mm. 
J4=7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 
12mm. 
z typical curves 
Th =70°C 
-20 - 20] ,=28000MHz 
typical curves fox 28.001 MHz 
dy=~400B 
d3 a REP. 
aa) a (Ww) 
a 
Te=15A 24 
40 10 
+ 
~60 meee ° a aS 
8 10 15 PER(W) 20 15 2 ters (AP 2.5 
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APPLICATION INFORMATION (contd. ) 
R.F. performance in c.w. operation (class B) 


= te) 
Voc 28V, Tw to 25°C 


f 
(MHz) (4B) (%) 
>7.5 >55 1.0 +j0.2 | 115-377 


typ. 11] typ. 55 | 0.9 -jo.5 | 104-j85 
typ. 16 | typ. 55 | 0.75-j1.6 | 89-j101 


At temperatures up to 90°C the output power relative to that at 25°C is diminished 
by a factor of -40mW/degC. 


Test circuit: - f= 70MHz 


L4 4tol04pF 500 


50 14to39pF 
(_ 


L3 


6O0to160pF 


Li = 60mm of straight enamelled copper wire (1.5mm); 9mm above chassis 

L2 = FXC choke coil 

L3 = 2 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int.dia.10mm, 
leads 55mm (total) 

L4 = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 
10mm, leads 50mm (total) 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX14 


02826 


75 


typical curves aan 
f=70MHz rves 
a: te 
PL Th =25°C 
(Ww) 
50 
25 
0 
0 20 Vee (V) 40 
60 02828 
PL Voc =28V 
| f = 70MHz 
(Ww) 
- + 
P, 
eo mWw/e 
50 typ 
i 
40 
if 
Trt 
30 
0 50 Th (°C) 100 
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APPLICATION INFORMATION (contd.) 
Test circuit: - f=50MHz 


L2 4tol04pF son 


50M 10to35PF 4 


47tol47pF 


OlpF 1002 


O+Ve> 02629 


L1 = 1 turn of enamelled copper wire (1.5mm); int.dia. 10mm; leads 40mm (total) 

L2 = 4 turns of enamelled copper wire (1.5mm); int.dia. 12mm; leads 40mm (total) 

L3 = FXC choke coil 

14 = 3 turns of enamelled copper wire (1.5mm); int.dia.10mm; leads 40mm (total), 
winding pitch 2mm 


typical curves Voc =28V typical curves 
f =5OMHz f =50MHz 
PL Th = 25°C PL | Th = 25°C 
(Ww) 24V | (W) Py yi yy 
50 50 
+ + + 
Tt 
tT 
+ 
13.5V 
25 30 
+ + + 
| 4 
1 4 4 
e5 10 
5 Br (W) 10 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLX14 


APPLICATION INFORMATION (contd.) 
Test circuit; - {= 30MHz 


43tol43pF 500 


50. 4to104pF 14 


L1 = 2 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int.dia. 10mm; 
leads 60mm (total) 

L2 = 7 turns of enamelled copper wire (0.7mm); 60H 

L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int.dia. 10mm; 
leads 50mm (total) 

L4 = 6 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int.dia.12mm; 
leads 50mm (total) 


02833 
aC plea curves 
f = 30MHz Senene 
Teese |§=6 EL 
PL Foo 
Coc Cy 
(W) C Bl 


PEE T ry y Try ry ry 
0 2 Bry (W) 4 0 20 -Vec (V) 40 
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CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who mayhandle, use or dispose of this 
device are aware of itsnature and of thenecessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned tothe Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. Inthis case, advice is available 
from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

2 NEW ROAD, MITCHAM JUNCTION 
SURREY, CR4 4 XY. 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX65 


Silicon n-p-n transistor, mounted ina TO-39 envelope, for v.h.f./u.h.f. mobile 


applications. With a supply voltage of 13. 8V and a signal frequency of 470MHz, the 
BLX65 will produce typically 2. OW output into a 509 load. 


QUICK REFERENCE DATA 


P, into 502 
. Circuit 
(Ww) 


Un-neutralised 
common -emitter 
class B 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO -3/SB3-3B 
J.E.D.E.C. TO-39 


All dimensions in mm D157 


Collector connected to case 


The maximum lead diameter is guaranteed only for 12. 7mm 


Mullard 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vv cpom ™2* 36 Vv 
VorsM max. pp = 0) 36 Vv 
Vv CEO ™4*: 18 Vv 
VERO max. 4.0 Vv 
I, max. 0.7 A 
low max. (f > 10MHz) 2.0 A 
P ot max: (f= LOMHz, T, < 90°C) 3.0 Ww 


See also graph on page 3 


Temperature 


Tate -65 to +150 Cc 


ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise stated) 


Min. Typ. Max. 
Vv Collector -base breakdown voltage 
(BR)CBO | = 10mA 36 :  ® 
Vv Collector -emitter breakdown voltage 
(BR)CES ~ e : : 
Ta = 10mA, Ror =0 36 Vv 
Vv Collector -emitter breakdown voltage 
CES, less Dome 18 : 2 ¥ 
Vv Emitter -base breakdown voltage 
EES = Lai 4.0 : - ov 
Vv Collector emitter saturation voltage 
CB(sat) {= 100mA, I, = 20mA : 0.1 - ov 
Cc B 
hop Static forward current transfer ratio 
Io = 100mA, Vor =5.0V 10 40 - 
fr Transition frequency 
1, = 200mA, V_.. = 5. OV, f = SOOMHz = 1400 - MHz 
Cc CE 
Coe Collector capacitance 
Vo = 10V, 1, =1, +0, f= 1. OMHz - 6.5 9.0 pF 


Mullard 
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SILICON PLANAR BLX65 


\F./U. H.F. TRANSISTOR 


Short duration 
overload conditi 


PEE 
H 


TIA TTT TT ATT TTT tt 


TAL TTT yr ye 


A A 


Safe o 


erating areas 
. T 


| 


10 100 VcelV) 
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1500 poceae 
i 
HPs 


rT TT yi 


Veg = 5.0V 
aa 
f = 500 MHz iz 


Tamb= 25°C i 


Note:- Graph derived 
from the 'S' 
parameters measured 


HH at 500 MHz 
oH fs 

LI 

04 


0 0.2 


{ 
aa 


suiciee 
aa 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX65 


APPLICATION INFORMATION 


R.F. Performance in c. w. operation (T, = 25°C) 


P, into 502 


At P| = 2.0W and Vac = 12. 5V, the output power at case temperatures between 25 
and 90°C relative to that at 25°C is diminished typically by 5mW/°C. 


The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: - 


= = = 70° 
Vac = 16.5V f = 470MHz Ty = 70°C 
V.S.W.R. = 50:1 at any phase 

Por = Por nom. +20%. 

Where Por nom. = Por for 1. 4W transistor output into 502 
load at Voc = 13. 8V. 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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APPLICATION {NFORMATION (contd. ) 
470MHz Amplifier circuit 


+Vec 


C7 


(BF5ai) 


Component values for 470MHz amplifier circuit 


Cl =C2=C4=C5 = 1.8 to 18pF film dielectric trimmer capacitors 
C3 = 22pF disc ceramic capacitor 

C6 = 10nF ceramic capacitor 

C7 = 0. 1pF disc ceramic capacitor 

C8 = 4nF feed-through capacitor 

L1 = 1 turn of 1mm copper wire, int. dia. 5mm, lead length <lmm 
L2 = 0, 22HH choke 

L3 = 1 turn of Imm copper wire, int. dia. 7mm, lead length 2mm 
L4 = 1 turn of Imm copper wire, int. dia. 5mm, lead length 2mm 
R 10Q - carbon 


Component layout on 1.5mm single copper clad fibre-glass board 
Dimensions of the board: - 80 x 40mm 


O341e 


Shaded area copper 


To obtain the specified gain performance, the emitter lead length should not exceed 
1.6mm. 


Mullard 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX65 


APPLICATION INFORMATION (contd. ) 


D2586 


Typical curves 
= 470MHz 
=25°C 


if 
| 
ut 


tty 
SEL anes PTT Tyr yyy er et 
o CCE ee 


03415 

atl ae es OS 

Typical curves | a 

£ =470MHz 
Te = 25°C 


|_| 
Al 


0 02 04 06 0.8 Ppp (W) 


TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER 
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APPLICATION INFORMATION (contd. ) 


Ly nom.= 138V L+}— 
BOSSE a aeaan 
edd sa ESR eE 
Por nom.= Ppp at Voc=13.8V and VSWR*“1 
P, nom.=P, at Voc=13.8V and V.SWRe=t and 1¢=25°C 


sua ind GO Fie 
EREREEESa eee 


3.0 Le Pea paced | Short duration 
, Pt Tt TELE LT overload VSWR. 
BERR eRe A 
a ee ET Ce Se a A 
pm! a a 


P.nom 


V.S.WR. < 3 


if 
nea a ene eee 
1.0 iF 1.2 Por, 
Pornom 


Vecy 
Vcc Nom 


INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD 


The transistor is suitable for use withunstabilised supply voltages. The above graph 
has been derived from an evaluation of the performance of transistors matched up to 
2.5 watts load power in the circuit onpage 6, and subsequently subjected to various 
voltage overloads and mismatch conditions with v.s.w.r. up to 50: 1 at a heatsink 
temperature of 70°C. This indicates a restriction to the load power matched under 
nominal conditions with varying supply voltages and v.s.w.r. in the recommended 
circuit. 


Mullard 


BLX65 Page 8 


N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX65 


APPLICATION INFORMATION 
175MHz Amplifier circuit 


L3 
R 
Output 


C3 ks 
yr aaa 
C1 50n 
Input Lt 
500 
C2 L2 | or 


Component values for 175MHz amplifier circuit 


Cl =C4=0to 60pF \ 

C2 =C3 = 0 to 30pF 

C5 = 0, 25uF disc ceramic capacitor 

C6 = 4nF feed-through capacitor 

L1 = 25mm straight 1.2mm copper wire. Height above board = 3mm 

L2 = 3 turns of 0.5mm copper wire on Ferrite FX1115 

L3 =5 turns of 1.2mm copper wire, int. dia. 10mm, close wound, Jead length 
Smm 

L4 = 3 turns of 1.2mm copper wire, int. dia. 10mm, close wound, lead length 
5mm 

R_ = 108 - carbon 


concentric trimmer capacitors 


Component layout on 1.5mm single copper clad fibre-glass board 
Dimensions of the board 80 x. 40mm 


Output 
son 


2583 


Shaded area copper 
To obtain the specified gain performance, the emitter lead length should not exceed 


1.6mm. 
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APPLICATION INFORMATION (contd. ) 


D3417 


Besesasesece 
Li 


He 


M4 


Fe 


08 Ppp (WI 


TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH 
DRIVE POWER 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX66 


Silicon n-p-n transistor for v.h. f./u.h. f. mobile applications. The device is mounted 
in a plastic, studless, capstan strip-line encapsulation. With a supply voltage of 
13. 8V and a signal frequency of 470MHz, the BLX66 will produce typically 2.5W 
output into a 502 load. 


QUICK REFERENCE DATA 


POR PL into 502 n Tab on 
(Ww) (W) (%) CC) 
+—— 
0.35 2.5 min. 65 min. 25 
0. 28 2.5 typ. 75 typ. 25 Un-neutralised 
common -emitter 
0.15 1.5 typ. 65 typ. 25 class B 
0. 03 3.0 typ. 84 typ. 25 


OUTLINE AND DIMENSIONS 


R 
4x 
ow 


collector 
identification 


Alt dimensions in mm 


D3419 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 

Vv crom ™*: 36 Vv 
Vorsm max (Ror = 0) 36 Vv 
Vv cro ™*: 18 Vv 
VeRO max. 4.0 Vv 
Ia max. 0.7 A 
Tom max. (f > 10MHz) 2.0 

P op Max (£2 1OMHz, T,) < 90°C) 4.0 w 


See also graph on page 3 


Temperature 
mt -65to +150 °C 
stg 
ELECTRICAL CHARACTERISTICS ae = 25°C unless otherwise stated) 
Min, Typ. Max. 
Vv Collector -base breakdown voltage 
(BRICBO | = 10mA 36 : a. Sy 
Vv Collector -emitter breakdown voltage 
PRES a eS 1OA, Ren = 0 36 : ee  Y 
Cc BE 
Vv Collector -emitter breakdown voltage 
SESE Ia = 25mA 18 - as Vv 
Vv Emitter -base breakdown voltage 
BRIBES 1, = toto 4.0 : ee 
Vv Collector -emitter saturation voltage 
Ee og = 100emA. 1, = 20mA - 0.4 - ov 
Cc 
hep Static forward current transfer ratio 
ly = 100mA, Vor = 3.0V 10 40 = 
“fp Transition frequency 
L, = 200mA, V =5.0V, f = SOOMHz = 1400 - MHz 
Cc CE 
Cay Collector capacitance 
Vop = LV, I, =1, = 0, f= 1. OMHz a 6.5 9.0 pF 


*Derived from the ‘S' parameters measured at f = 500MHz, Ta = 25°C 
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V.H.F./U.H.F. TRANSISTOR BLX66 


N-P-N SILICON PLANAR 


024646 


f 2 10MHz 


Prot=Poc + Por)-PL 


150 


Vce(V) 


Beet 


4 


I, max. 
: (A) 
0.7 


Safe operating areas 
Seer ee 


0.0 
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03421 


= 5.0V 
ooMHz [7] 
- asec} 


E 
5 


1LOMHz {I | 


Vee = 5. 
fs 
Tamb 


'S' parameters measured 


at 500MHz 


4 


Note :- Graph derived from the 


HH 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX66 


APPLICATION INFORMATION 


R.F. performance in c.w. operation (T an 25°C) 


PL into 50Q 


(W) 


At PL, = 2.5W and VCC = 12.5V, the output power at mounting-base temperatures 
between 25 and 90°C relative to that at 25°C is diminished typically by 5mW/°C. 


The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: - 


= = = 70° 
Voco* 16. SV, f = 470MHz, Tae 70°C 


V.S.W.R. = 5021 at any phase 


Por = Por nom. +20% 


Where Por nom. = POR for 2. 5W transistor output into a 502 


load at VQ = 13. 8V. 
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APPLICATION INFORMATION (contd. ) 
470MHz Amplifier circuit 


Voc D2444 


Output R 
ul 500, 


C2 
C7 
Input 4pm. 
50n 
c6 


Component values for 470MHz amplifier circuit 


Cl = C2 = C6 =C7 = 1.8 to 18pF film dielectric trimmers 

C3 = C4 = 18pF disc ceramic capacitors 

C5 = 4nF feed-through capacitor 

C8 = 0. lwF disc ceramic capacitor 

L1 = 1 turn of 1.2mm copper wire, int. dia. 6mm, lead length < Imm 

L2 = 1luwH choke 

L3 = 30mm of straight 2mm copper wire. Height above board = 2mm 

L4 = 2 turns of 0.5mm copper wire, int. dia. 3mm, close wound, lead length = 
8mm 

R = 102 - carbon 


Component layout on 1.5mm double copper clad fibre-glass board 


Dimensions of the board: - 110 x 50mm 


Output 


Input 
50Q © 500. 


03423 


Shaded area copper 
Underside area completely copper clad 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX66 


03424 


Typical curve 
f = 470MH 
Tmb = 25° 


| 
| 


0 01 0.2 0.5 PppriW) 0.6 


TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER 
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APPLICATION INFORMATION (contd. ) 


D3426 

Pi_nom -_+—] TT TTT i 
(W) i Vocnomn= 3 8V a 
ty LLL t2eomee PT 


Pprnom =Pppr at Vcc =13.8V and V.SMW.R.=1 
P,nom=P, at Voc =13.8V, V.SW.R.=1 and T,,,)=25°C 


pod uit as eae | | | Short duration 
lS overload V.S W. R. 


3.0 


| tt 
SERRA 
ee eee eee ee 
Rae SERS ESA 
ESSERE EES 
gate pe ee Beier) ss 


1.0 Ww 1.2 Ppr/Pprnom 
Vec/Vec nom 


INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD 


The transistor is suitable for use withunstabilised supply voltages. The above graph 
has been derived from an evaluation of the performance of transistors matched up to 
3 watts load power in the circuit on page 6, and subsequently subjected to various 
voltage overloads and mismatch conditions with v.s.w.r. up to 50: 1 at a heatsink 
temperature of 70°C. This indicates a restriction to the load power matched under 


nominal conditions with varying supply voltages and v.s.w.r. in the recommended 
circuit. 


—_——_——_———— Mullard 


BLX66 Page 8 


-P-N SILICON PLANAR BLX66 


N 
V.H.F./U.H.F. TRANSISTOR 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature andof the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O. BOX 142 

NEW ROAD 

MITCHAM 

SURREY, CR4 4SR. 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX67 


Silicon n-p-n transistor for v.h.f, /u.h. f, mobile applications. The device is mounted 
in a plastic, capstan strip-line encapsulation. With a supply voltage of 13. 8V anda 
signal frequency of 470MHz, the BLX67 will produce typically 3W output into a 502 
load. 


QUICK REFERENCE DATA 


P, into 502 
Circuit 
(W) 


Un -neutralised 
common -emitter 
class B 


OUTLINE AND DIMENSIONS 


All. dimensions in mm 
| D3370 
| ACCESSORIES 

Nut and lock-washer supplied with device 


Torque on nut: min. 0, 75Nm (7. 5kg cm) 
max. 0. 85Nm (8.5kg cm) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vopom max. 36 Vv 
VoESM max. (Rar = 0) 36 Vv 
Voro max. 18 Vv 
VERO max. 4.0 Vv 
lo max, 0.7 A 
Tom max. (f > 10MHz) 2.0 A 
Prot max+ (f > 1OMHz, T, < 90°C) 4.5 Ww 
See also graph on page 3 
Temperature 
T -65 to +150 °C 
stg 
ELECTRICAL CHARACTERISTICS OF = 25°C unless otherwise stated) 
v Collector -base breakdown voltage Min. Typ. Max 
sac lecasian es 36 : eS 
v Collector -emitter breakdown voltage 
(BR)CES a ic : ne 
I, = 10mA, Ror =0 36 Vv 
Vv Collector -emitter breakdown voltage 
@R)CEO | = 25mA 18 : Br iy 
Vv Emitter -base breakdown voltage 
sas oases Mes 4.0 : ey 
Vv Collector -emitter saturation voltage 
CE(sat) | = 100mA, I, = 20mA : 0.1 - ov 
e B 
hor Static forward current transfer ratio 
Io = 100mA, Vor =5.0V 10 40 7 
“fo Transition frequency : 
1, = 200mA, V.,, =5.0V, f=SOOMHz - 1400 - MHz 
Cc CE 
Coe Collector capacitance 
Vog = 10V. T, = 1, = 0. f= 1. OMHz = 6.5 9.0 pF 
Cos Collector-stud capacitance . 2.0 - pF 


*Derived from the 'S' parameters measured at f = 500MHz, Ty mb = 25°C 
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V.H.F./U.H.F. TRANSISTOR BLX67 


N-P-N SILICON PLANAR 


02450 


FEE 


a 


HE 


150 


100 


Ban 


overload condition 


Short duration 


7 


2.0 


Py 
oLLTITT TTT TT er yr yy 
50 


D.C, - 


In max. 
C 
{A) 


0.1 


Safe operating areas 


0.01 
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‘S' parameters measured 


at SOOMHz 


Note :- Graph derived from the 


03422 


Hae 


sueeeseess 
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FE 


S| 


NU 


iS 


i 


Mullard 


BLX67 Page 4 


N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX67 


APPLICATION INFORMATION 


R.F. performance in c.w. operation (T, = 25°C) 


Voc f PL into 502 
(Vv) (MHz) (Ww) 
12.5 470 


At Py, = 2.5W and Vcc = 12. 5V, the output power at heatsink temperatures between 
25 and 90°C relative to that at 25°C is diminished typically by 5mW/°C. 


The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: 


z = a) 
Voc = 16. 5V, f = 470MHz T,, = 70 CG 
V.S.W.R. =5021 at any phase 
Por = POR nom. +20% 


= 7 ; ; on 
Where Por nom, POR for 2.5W transistor output into a 5 


= 13. 8V. 
load at VA, VV 
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APPLICATION INFORMATION (contd. ) 
470MHz Amplifier circuit 


Vec D2444 

cs 

— 

: a 

L3 
IVY. IF Output R 
C2 ul C7 500 
Input IVY. 
500. Af- 
c3]} |ca C6 
{oa L2 


TT “T 


Component values for 470MHz amplifier circuit 


Cl =C2 = C6 = C7 = 1.8 to 18pF film dielectric trimmers 
C3 = C4 = 18pF disc ceramic capacitors 

CS = 4nF feed-through capacitor 

C8 = 0. luF disc ceramic capacitor 


L1 = 1 turn of 1.2mm copper wire, int. dia. 6mm, lead length <lmm 
L2 = 1pH choke 


L3 = 30mm of straight 2mm copper wire. Height above board = 2mm 


L4 = 2 turns of 0.5mm copper wire int, dia. 3mm, close’ wound, lead length = 
8mm 


R_ = 102 - carbon 


Component layout on 1.5mm double copper clad fibre-glass board 
Dimensions of the board: - 110 x 50mm 


Input 
500 


03423 


Shaded area copper 
Underside area completely copper clad 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX67 


Typical curves| 


f = 470MHz 


f = 470MHz 
Tye 25°C 


05 Pop (W) 0.6 


TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER 
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APPLICATION INFORMATION (contd. ) 


(W) Vocnom = 13.8V 
aaae f = 470MHz 
5.0| Pop nom = Pyrat Veg =13.8Vand V.SWR.=1 
P, nom =P, at Voc =13.8V, V.S.W.R. =1and Th= 25°C 


Short duration overload 


|V.SWR., up to Th= 70°C 
4.0 Ty | iSkl]vswr.s3 
| | 7. 
3.0 - =10 
=50 


: ane Poprpnom 1.2 
Voc! Vec nom 


INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD 


The transistor is suitable for use withunstabilised supply voltages. The above graph 
has been derived from an evaluation of the performance of transistors matched up to 
4 watts load power in the circuit on page 6, and subsequently subjected to various 
voltage overloads and mismatch conditions with v.s.w.r. up to 50:1 at a heatsink 
temperature of 70°C. This indicates a restriction to the load power matched under 
nominal conditions with varying supply voltages and v.s.w.r. in the recommended 
circuit. 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLX67 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of thenecessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned tothe Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. Jn this case, advice is available 
from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O, BOX 142 

NEW ROAD 

MITCHAM 

SURREY, CR4 4SR. 


The issue of the information contamed in this publication does not imply 
any authority or licence for the utilisation of any patented feature 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BLX69 


N-P-N epitaxial planar transistor intended for use in class A, B and C operated 
mobile, industrial and military transmitters with a supply voltage of 13.5 V. The 
transistor is resistance stabilized. Every transistor is tested under severe load 
mismatch conditions with a supply overvoltage to 16.5 V. It has a capstan envelope 
with a moulded cap. All leads are isolated from the stud. 


QUICK REFERENCE DATA 


R:F. performance up to Tmb = 25 °C in an unneutralised common -emitter 
class B circuit. 


operation} (V) |(MHz) 


MECHANICAL DATA Dimensions in mm 


7209646.4 57 


Torque on nut: min. 7.5 kg cm Diameter of clearance hole in heatsink: max. 
(0.75 Newton metres) 4.17 mm. ; 

max. 8.5 kg cm Mounting hole to have no burrs at either end. 

(0. 85 Newton metres) De-burring must leave surface flat; do not 


chamfer or countersink either end of hole. 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 
Collector -base voltage (open emitter) 

peak value VCBOM max. 36 =26V 
Collector -emitter voltage (open base) VCEO max. 18 =#V 
Emitter -base voltage (open collector) VEBO max, 4 Vv 
Currents 
Collector current (average) IC(Av) max. 3.5 A 
Collector current (peak value) f > 1 MHz ICM max. 10 0A 


Power dissipation 


Total power dissipation up to T, = 25 °% Prot max. 50 WwW 
f > 1 MHz 


7260303 


60 short ae tH Vee <16.5V 
operation ; #21MHz 
VSWR.>3 +114" 7 

Prot CLT TT 
tw) LI 


50 oT, (°C) ~— 100 
Temperature 


Storage temperature Tstg -30 to +200 °C 
Operating junction temperature Tj max. 200 °C 


THERMAL RESISTANCE 


From junction to mounting base Rth j-mb = °C/W 


From mounting base to heatsink Rth mb-h = 


On 
ano 
fo} 
Q 
2 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 


CHARACTERISTICS 
Breakdown voltages 


Collector -base voltage 
open emitter, Ic = 25 mA 


Collector -emitter voltage 
open base, Ic = 25 mA 


Emitter ~base voltage 
open collector; Ip = 10 mA 


Transient energy 
L = 25 mH; f = 50 Hz 
open base 
~VpE =1.5V; Rpg = 33 8 


D.C. current gain 
Ic = 1A; VoRp=5V 


Transition frequency 
Ic =2 A; Voce =10V 
Collector capacitance at f = 1 MHz 
Tm = le = 90; Vop=15V 
Feedback capacitance 
Ig = 100 mA; Vog = 15 V 


Collector -stud capacitance 
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V(BR)CBO 
V(BR)CEO 


V(BR)EBO 


BLX69 


36 


18 


Tj = 25°C unless other wise specified 


mWs 


GHz 


pF 
pF 
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72 60305 


7260302 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BLX69 


APPLICATION INFORMATION 


R. F. performance in c. w. operation (unneutralised common -emitter class B ciruit) 
Tmb up to 25°C 


f (MHZ)| Voc (V)| Ps (W) | Py (W)| Ic (A) |Gp BY] (%) | HQ) [Yp may) 


typ. 1.35 typ. 11] typ. 6011.5 + j0.6! 170-j57 
Test circuit for 470 MHz: 


input u1 L& output 
CLL O 


500 50a 


7258637 


List of components: 


C1=C2=C7=C8=1.8 to 9.0 pF film dielectric trimmer 


C3=C4= 15 pF chip capacitor 

C5= 100 pF feed through capacitor 
C6= 33 nF polyester capacitor 
Rl= 1Q 

R2= 10 ¢2 


Ll=strip-line (41.1 mm x 5.0 mm) 

L2=13 turns closely wound enamelled Cu wire (0.5 mm); int.diam. 4.0 mm (0. 32 pH) 
L3= 2 turns Cu wire (1 mm); winding pitch1.5 mm; int.diam. 4 mm; leads 2x5 mm 
L4= strip -lime (52.7 mm x 5.0 mm) 

L5=ferroxcube choke coil. Z (at f = 250 MHz) = 400 2+ 20% 


L1 and L4 are strip lines on a double Cu clad print plate with tefion fibre glass 
dielectric 


(€y = 2.74); thickness 1.45 mm 


Component lay-out for 470 MHz: see page 6 
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APPLICATION INFORMATION (continued) 


Component lay-out and printed circuit board for 470 MHz test circuit. 


7258638 


The circuit and the components are situated on one side of the epoxy fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 


are made by means of hollow rivets. 
7258606 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BLX69 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may he returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

2.NEW ROAD, MITCHAM JUNCTION 
SURREY, CR4 4xXY. 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR BLX91 


TENTATIVE DATA 


Silicon n-p-n transistor designed for u.h.f, operation in class A,B or C with fre- 
quencies up to 1GHz. The device is mounted in a plastic, capstan, strip-line en- 
capsulation. 


With a supply voltage of 28V and a signal frequency of 470MHz, the BLX91 will pro- 
duce 1. OW output into a 502 load. 


QUICK REFERENCE DATA 


Por PL into 50Q n 
Circuit 
(W) (W) (H) 
0. 08 1.0 min. 50 min. Un-neutralised 
common-emitter 
0. 08 1. 45 typ. 60 typ. class B 


OUTLINE AND DIMENSIONS 


collector 
identification 


1.65max. 
= 
== 


03370 


All dimensions in mm 


ACCESSORIES 
Nut and lock-washer supplied with device 


Torque on nut: min. 0. 75Nm (7. 5kg cm) 
max, 0. 85Nm (8. 5kg cm) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
VoRoM max. 65 Vv 
Vorsm max. Rye = 0) 65 Vv 
Voro max. 33 Vv 
Vino max. 4.0 Vv 
In max. 400 mA 
de 
Tom max. ( 10MHz) ; 800 mA 
Pee max. (f 2 10MHz, Ty, = 70 C) 
see also graphs below 4.0 WwW 
Temperature 
T stg -65 to +150 fe 


Power limited upto 
Th= 70°C 
derate by 33°C/W 


0 50 100 150) Ty(°C) 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS qT; = 25°C unless otherwise stated) 


V(BR)CBO 
V(BR)CES 
V(BR)CEO 
V (BR )EBO 


h 
FE 


Cc 
cs 


Collector -base breakdown voltage 

In = 10mA 

Collector -emitter breakdown voltage 
Te = 10mA, Ron =O 

Collector -emitter breakdown voltage 
Ia = 25mA 

Emitter -base breakdown voltage 

Ih = 1.0mA 


Static forward current transfer ratio 
Io = 100mA, Vor =5.0V 

Transition frequency 

I, = 50mA, Vor = 5.0V, f = SOOMHz 
Collector capacitance 

Vop = 10V, In » I, = 0, f = 1.0MHz 
Emitter capacitance 

Vipn7o In =I, =0, f = 1. OMHz 


Collector-stud capacitance 


Min. 


65 


65 


33 


4.0 


Typ. 


35 


2.0 


“Derived from the 's' parameters measured at f = 500MHz, Tomb” 25°C 
a 
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Max. 


7 MHz 
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120 
1000 f(MHz) 


BREASTS 
| | | | [| Typicat curves 

| | | | Vee =28V 
Dae 


[| -le =75mA 


r | | 
Hat 
| 
| i at 


0 200 400 600 800 1000 f (MHz) ” 


TYPICAL VARIATION OF INPUT REFLECTION COEFFICIENT 
AND FEEDBACK COEFFICIENT WITH FREQUENCY 
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-P-N SILICON PLANAR BLX91 


N 
U.H.F. TRANSISTOR 


Typical curves 
Vog #28V 
-l_ #75mA 


1000 f (MHz) : 


Typical curves eee Peale 
Vog =28V td 
TTT TTT Ty 


0 80 


TYPICAL VARIATION OF FORWARD TRANSFER COEFFICIENT 
WITH FREQUENCY AND EMITTER CURRENT 
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x] 
me 


600 800 1000 


f (MHz) ” 


TYPICAL VARIATION OF OUTPUT REFLECTION COEFFICIENT 
WITH FREQUENCY 


. Dsste D4sts 
(Ea a es 2 Pe ee a 


| | [| Vce=28V 
Py Tf | t ss00mHz | [|| 
Pt iy i tt tf 


: Graph derived from the ‘s‘ 
parameters 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR BLX91 


APPLICATION INFORMATION 


R. F. Performance in c.w. operation (T,, = 25°C) 


P_ into 502 


At P, = 1.0W and Vcc = 28V, the output power at heatsink temperatures between. 
25 and 90°C relative to that at 25°C is diminished typically by 2mw/°C. 


The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: - 


) 
Voc = 28V f = 470MHz Ty =90C 


Po = 1.2W V.S.W.R. = 50: 1 at any phase 


470MHz amplifier circuit 


Vec 


Output 


aha rs son {| 


Lé 


c6 cs== 


04667 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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APPLICATION INFORMATION (contd. ) 


Component values for 470MHz amplifier circuit. 

Cl =C2=C5 = 1.8 to 18pF film-dielectric trimmer capacitors. 

C3 = C4 = 18pF disc ceramic capacitors. 

C6 = 1.0 to 9. OpF film-dielectric trimmer capacitors. 

C7 = 1000pF feed-through capacitor. 

C8 = 0. 1uF ceramic capacitor. 

Li = i turn of 1.2mm Cu wire, internal diameter 5mm, lead length = 2mm. 

L2 = 0.47pH choke. 

L3 = 5 turns of 0.5mm Cu wire, internal diameter 4mm, lead length = 5mm, close 
wound, 

L4 = 4 turns of 1. 2mmCu wire, internal diameter 6.5mm, leadlength = 4mm, close 
wound, 

R = 102 carbon. 


Component layout on 1.5mm double copper clad fibre glass board 


Input : 


Ne 
Sid 
a , 


(Seaet 


ae 
ee 100mm Jee Ee D4619 


Shaded area copper 


Underside area completely copper clad 


0 50 100 150 0 50 100 150 
Por (mw) Pop (mW) 


TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY 
WITH DRIVE POWER 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR BLX91 


APPLICATION INFORMATION (contd. ) 


PL nom = P, at Voc = 2BV, Th=25°C, 
V.SWR.=1and f=470MHz 


INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD 


The above graph has been derived from an evaluation of the performance of transistors 
matched up to 1.6 watts load power in the test amplifier on Page 7 and subsequently 
subjected to various mismatch conditions at 28V with V.S.W.R. up to 50:1 and 
elevated heatsink temperatures. This indicates a restriction to the load power matched 
under nominal conditions in the recommended test configuration. 
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CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
deviceare aware of itsnature and of thenecessary safety precautions. Inparticular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O. BOX 142 

NEW ROAD 

MITCHAM 

SURREY, CR4 4SR. 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR BLX92 


TENTATIVE DATA 


Silicon n-p-n transistor designed for u.h.f. operation in class A, B or C with 
frequencies up to 1GHz. The device is mounted in a plastic, capstan, strip-line 
encapsulation. 


With a supply voltage of 28V and a signal frequency of 470MHz, the BLX92 will pro- 
duce 2. 5W output into a 502 load. 


QUICK REFERENCE DATA 


PL into 509 


Circuit 


(W) 


2.4 typ. 


28 2.5 min. 25 Un-neutralised 
common -emitter 
28 3.0 typ. class B 


2.5 typ. 


collector 
identification 


1.65max. 


All. dimensions in mm 


03370 


ACCESSORIES 
Nut and lock-washer supplied with device 


Torque on nut: min. 0. 75Nm (7. 5kg cm) 
max. 0, 85Nm (8. 5kg cm) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


max. (f = 10MHz) 
max, (f= 10MHz, T, =70°C) 
See also graphs below 


Temperature 


T 
stg 


| [I 
f 210MHz |_| 
Prot =(Ppc+Por)-P, | 


|| Short duration IN | 
| _|overload conditions | | [TN 
— 
= 
N 


Continuous | | | | [| | 
operation 


100 TIC) 150 


Mullard 


65 Vv 

65 Vv 

33 Vv 
4.0 Vv 

0.7 A 

2.0 A 

6.0 w 

-65 to +150 me 


Power limited 
up to Th = 70°C 
derate by 22°C/W 
for Th between 
70°C and 125°C 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR BLX92 


ELECTRICAL CHARACTERISTICS er; = 25°C unless otherwise stated) 


Min. Typ. Max. 


Vv Collector -base breakdown voltage 
GRICPO Ig = 10mA 65 : : Vv 
Vv Collector-emitter breakdown voltage 
(BR)CES i is ; - 
1, = 10mA, Ror = 9 65 Vv 
Vv Collector -emitter breakdown voltage 
GEE Iq = 25mA 33 - : Vv 
Vv Emitter -base breakdown voltage 
ERY I, = 1.0mA a : Vv 
Vv Collector-emitter saturation voltage 
che) I, = 100mA, I, = 20mA : 0.17 - Vv 
Cc B 
DoE Static forward current transfer ratio 
I, = 100mA, Vor =5,.0V 10 40 = 
“fp Transition frequency 
Ia = 100mA, Vor = 5.0V, f = SOOMHz - 1200 7 MHz 
Coe Collector capacitance 
Vag = 10V, I, =1, =) f= 1.0MHz 7 6.5 * pF 
Coe Emitter capacitance 
= =I =0,f=1.0 - 2 = 
Vez 0, Io I, 0, MHz 5 pF 
Cc Collector-stud capacitance - 2.0 - pF 


*Derived from the 's' parameters measured at f = 500MHz, ai = 28°C 
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BEER Lob] 
Ean Typical curves 
SERRe 


Sreearaee 


supercattes 
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04346 
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100 
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P| 

|| yr 

aie ae 
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He 
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0 


TYPICAL VARIATION OF INPUT REFLECTION COEFFICIENT AND 
FEEDBACK COEFFICIENT WITH FREQUENCY 


Mullard 


BLX92 Page 4 


N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR BLX92 


eal eS STE AS Ts We IE Wes TESTU Sea SI et oi 
BER RESERESRER Typical curves ri i fey ytd 
BE . Vee= 2ev [| [| | TT TTT Te yy 


-tg=100mA [| |_| 


30 


0 
0 200 400 600 800 1000 f (MHz) 


D4348 


100 150 200 250 ~Ig(mA) 


TYPICAL VARIATION OF FORWARD TRANSFER COEFFICIENT 
WITH FREQUENCY AND EMITTER CURRENT 
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Typical curves 
Vce = 28V 
~I_¢=100mA 


0 
0 200 400 600 800 1000 f (MHz) 


TYPICAL VARIATION OF OUTPUT REFLECTION COEFFICIENT 
WITH FREQUENCY 


ER ae eT em A A 
Voce = 28v L14 — (pF) TT Titi ty 


[_|f = 50OMHz 


Note: Graph derived from 
the ‘s’ parameters 


0 10 20 VoglV) 30 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR BLX92 


APPLICATION INFORMATION 


R.F. Performance in c.w. operation (T, = 25°C) 


P. into 502 


(Ww) 


At Py, = 2.5W and Vac = 28V, the output power at heatsink temperatures between 
25 and 90°C relative to that at 25°C is diminished typically by 5mW/°C. 


The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: - 


) 
Vag = 28V f = 470MHz T, = 20C 


PL =2.5W V.S.W.R. = 50: 1 at any phase 


470MHz amplifier circuit 


Vee 


aioe 3 ‘(| 
Input 


cS 
500 C2 u 


io] 


u| ia Ae 


HY 


Daas 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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APPLICATION INFORMATION (contd. ) 


Component values for 470MHz amplifier circuit. 

Cl =C2=1.8 to 18pF film -dielectric trimmer capacitors. 

C3 = C4 = 18pF disc ceramic capacitors. 

C5 = C6= 1.0to 9.0pF film -dielectric trimmer capacitors. 

C7 = 1000pF feed-through capacitor. 

C8 = 0. 1uF ceramic capacitor. 

L1 = 1 turn of 1.2mm Cu wire, internal diameter 5mm, lead length = 2mm. 
L2 = 0.47uH choke. 

L3 = 3 turns of 0.5mm Cu wire, internal diameter 4mm, lead length = 5mm 
L4 = 2 turns of 1.2mm Cu wire, internal diameter 6.5mm, lead length = 4mm 


Component layout on 1.5mm double copper clad fibre glass board 


ee eee See eg) 04342 


Shaded area copper 


Underside area completely copper clad 


Typical curves 
470MHz 


0 01 0.2 0.3 04 
ForW) 


TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR 


APPLICATION INFORMATION (contd. ) 


; cae =P at meu = 28V, T,, = 25°C, 
V.S.W.R.=1 and f = 470MHz 


INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD 


BLX92 


The above graph has been derived from an evaluation of the performance of transistors 
matched up to 3.8 watts load power in the testamplifier on Page 7 and subsequently 
subjected to various mismatch conditions at 28V with V.S.W.R. up to 50:1 and 
elevated heatsink temperatures. This indicates a restriction to the load power matched 


under nominal conditions in the recommended test configuration. 
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CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device areaware of its natureand of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returnedto the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O, BOX 142 

NEW ROAD 

MITCHAM 

SURREY, CR4 4SR. 


Mullard 


BLX92 Page 10 


N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR BLX93 


TENTATIVE DATA 


Silicon n-p-n transistor designed for u.h.f. operation in class A, B or C with 
frequencies up to 1GHz. The device is mounted in a plastic, capstan, strip -line 
encapsulation. 


With a supply voltage of 28V and a signal frequency of 470MHz, the BLX93 will pro- 
duce 7. OW output into a 502 load. 


QUICK REFERENCE DATA 


Po into 50Q 


Circuit 


(w) 


Un -neutralised 
common -emitter 


class B 


OUTLINE AND DIMENSIONS 


collector 
identification 


1.65max. 


os 


ACCESSORIES All dimensions in mm 


Nut and lock-washer supplied with device 
03370 


Torque on nut: min. 0. 75Nm (7. 5kg cm) 
max, 0. 85Nm (8. 5kg cm) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
VopoM max, 65 Vv 
VoEsm max. Rap = 0) 65 Vv 
Vv CEO ™* 33 Vv 
Vipo max. 4.0 Vv 
lo max. ' 1.0 A 
> 
Tom max. (f = 10MHz) : 3.0 A 
P. max. (f= 10MHz, T, = 70 C) 12.5 WwW 
tot h 
See also graphs below 
Temperature 
23 -65 to +150 °c 
stg 


derate by 10.4°C/ 
for T, between 
}]|70°C ‘and 125°C 


100 T,(°C) 150 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS ls = 23°C unless otherwise stated) 


ViBR)CBO 
V(BR)CES 
ViBRICEO 


V(BR)EBO 


Collector -base breakdown voltage 


In = 10mA 


Collector-emitter breakdown voltage 
= 10mA, =0 
I Cc 1 Rog 


Collector -emitter breakdown voltage 
In = 25mA 


Emitter-base breakdown voltage 


I, = 1.0mA 


Static forward current transfer ratio 


Ia = 100mA, Vor = 5. 0V 


Transition frequency 


Ta = 200mA, Vor =5.0V, f = SOOMHz 


Collector capacitance 


Vop* 10V, L, =i, = 0, f = 1.OMHz 


Emitter capacitance 


Vig =o Ia ai =o f = 1. 0MHz 


Collector -stud capacitance 


Min. 


65 


65 


33 


4.0 


10 


Typ. 


35 


1200 


14 


60 


2.0 


*Derived from the 's' parameters measured at f = 500MHz, Tomb = 25°C 
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Max. 
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(dB) na Typical curves 
Vee = 28V 
-IE= 200mA 
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TYPICAL VARIATION OF INPUT eer COEFFICIENT AND 
FEEDBACK COEFFICIENT WITH FREQUENCY 
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CZ 


P 
H. 


F 


-N SILICON PLANAR 


. TRANSISTOR 


|| 
|_| Typical curves 


|| 
SEeRE ie 


el) 


400MHz 


t+ A 


AREER, 


800 MHz 


100 200 ace 


TYPICAL VARIATION OF FORWARD TRANSFER COEFFICIENT 


HH 


500 


WITH FREQUENCY AND EMITTER CURRENT 
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ae Vice = 28V 
| | | -te=200maA 
ane 
L. 


SIRE 


Y| | 
/\_| 
| | 


IN 


| | ff BERN 
BERRA E th 
eae Ee PT TAN 


600 800 1000 f (MHz) 


TYPICAL VARIATION OF OUTPUT REFLECTION COEFFICIENT 
WITH FREQUENCY 


DL362 


ye Se i 
Peel tees 

BA A a 
al A a 


Note: Graph derived from 
the ‘s’ parameters 
LTT Ty 

0 100 200 300 400 0 10 20 VegiV) 30 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR BLX93 


APPLICATION INFORMATION 


R.F. Performance in c.w. operation T, © 25°C) 


Vv PE into 502 


(Vv) (Ww) 


24 . 7.0 typ. 
28 d 7,0 min. 
28 : 8.0 typ. 


28 , 5. 0 typ. 


At Py, = 7.0W and Vcc = 28V, the output power at heatsink temperatures between 
25 and 90°C relative to that at 25°C is diminished typically by 10mW/°C. 


The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: - 


° 
Vag = 28V f = 470MHz T, = 90 Cc 


PE =7.0W V.S.W.R. = 50:1 at any phase 


470MHz amplifier circuit 


Veo 


Hie 


Output 
son. 


Input 


cé cae 


cl 
ur 


uae 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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APPLICATION INFORMATION (contd. ) 


Component values for 470MHz amplifier circuit. 

Cl =C2 = 1.8 to 18pF film -dielectric trimmer capacitors. 

C3 = C4 = 18pF disc ceramic capacitors. 

C5 =C6 = 1.0 to 9.0pF film -dielectric trimmer capacitors. 

C7 = 1000pF feed-through capacitor. 

C8 = 0. 1uF ceramic capacitor. 

L1 = 1 turn of 1.2mm Cu wire, internal diameter 5mm, lead length = 2mm. 
L2 = 0.47uH choke. 

L3 = 3 turns of 0.5mm Cu wire, internal diameter 4mm, lead length = 5mm 
L4 = 2 turns of 1.2mm Cu wire, internal diameter 6.5mm, lead length = 4mm 


Component layout on 1.5mm double copper clad fibre glass board 


eae peeneat See D4342 


Shaded area copper 


Underside area completely copper clad 


° 
~ 
o 
a 
x 


Typical curves 
f = 470MHz 
Th = 25°C 


TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTOR | BLX93 


APPLICATION INFORMATION (contd. ) 


mal 

a | 

Vec = 28V, tre 2sec,! | | 
nl 


and f = 470MHz 


tr | 


[| 
a ee 
Th=90°C, Prot = 18W eo | 


INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD 


The above fraph has been derived from an evaluation of the performance of transistors 
matched up to 8 watts load power in the testamplifier on Page 7 and subsequently 
subjected to various mismatch conditions at 28V with V.S.W.R. up to 50:1 and 
elevated heatsink temperatures. This indicates a restriction to the load power matched 
under nominal conditions in the recommended test configuration. 
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CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that al] those who may handle, use or dispose of this 
device are aware of its natureand of the necessary safety precautions. Inparticular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned tothe Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from: - 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O. BOX 142 

NEW ROAD 

MITCHAM 

SURREY, CR4 4SR. 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BLX94 


N-P-N silicon planar epitaxial transistor intended for transmitting applications in 
class A, B or C with a supply voltage up to 28V. 

The transistor is resistance stabilised and is tested under severe load mismatch 
conditions, 

It has a 1/4" capstan envelope with a moulded cap. Al) leads are isolated from the 
stud. 


QUICK REFERENCE DATA 


R.F. performance at Trp= 25°C in an un-neutralised common-emitter class 
B circuit. 


Mode of 
operation 


OUTLINE AND DIMENSIONS 


All dimensions in mm O 4145 


Torque on nut: 7.5kgcm (0. 75Nm) min. 
8. 5kgcm (0. 85Nm) max. 


Diameter of clearance hole in heatsink: 4. 17mm max. 


Note: Do not chamfer the edges of the mounting holes when removing burrs. When 
locking is required, an adhesive instead of a lock washer is preferred. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vv cpom ™2* 65 Vv 
Vv CEO ™4*: 33 V 
Vino max. 4.0 v 
SGav) max, 2.0 A 
Tom max. (f > 1. 0MHz) 6.0 A 
Prot max (Ty < 25°C, f > 1. 0MHz) 50 w 
Temperature 
oe -30 to +200 se 
qT max. 200 Cc 
THERMAL CHARACTERISTICS 
Rguabh 2.9 oe 
Ren(mb-h) O68 aw 


Short duration + 
overload conditions 


Continuous oper 
V.SWR.< 


Pe A 


0 50 Tpl°c) 100 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR BLX94 


ELECTRICAL CHARACTERISTICS a =25°C unless otherwise stated) 
Min. Typ. Max. 


I Collector cut-off current 
CEO 
1,20, Vag 728V - - 10 mA 
Collector -base breakdown voltage 
open emitter 
I, =25mA 65 - % Vv 


VBR)CBO 


Collector -emitter breakdown 
voltage,open base 
I a 25mA 33 - # Vv 


V(BRyCEO 


Emitter -base breakdown voltage 
open collector 


I, =10mA 4.9 ae x Vv 


V(BR)EBO 


E Transient energy 
L=25mH, f=S0Hz 


open base 3.0 - - mWs 


Vor =1.5V, Ror = 332 3.0 - - mWs 
hop Static forward current 
transfer ratio 


1,=1.0A, V 


Cc CET WV 15 50 53 


f, Transition frequency 

1, =2.0A, Vog =20V - 1.0 7 GHz 
Cc Collector capacitance 

I =1,=9, Vop=30v. f=1. OMHz = 32 50 pF 


E 
-C Feedback capacitance 
=100mA, Vag =30V; f=1.0MHz - 18 - pF 


ve 


Cc Collector -stud capacitance z 2.0 - pF 
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N-P-N SILICON PLANAR ; 
EPITAXIAL U.H.F. TRANSISTOR BLX94 


APPLICATION INFORMATION 


R. F. performance in c. w. operation (un -neutralised common -emitter class B circuit) 


£=470MHZz, Tyyp = 25°C 


Test circuit 


input 1 L4 output 
CLL CLL O 


500 500 


O+Vec D450 


Component values 


Cl = C2 =C8 = 2 to 9pF film dielectric trimmer 

C3 = C4 = 15pF chip capacitor 

C5 = 100pF feed-through capacitor 

C6 = 33nF polyester capacitor 

C7 = 2 to 18pF film dielectric trimmer 

R1 = 12 carbon resistor 

R2 = 102 carbon resistor 

L1 = strip line (40.8 x 5. Omm) 

L2 = 13 turns of closely wound enamelled copper wire (0.5mm), int. dia. 4.0mm 

L3 = 2 turns of copper wire (Imm), winding pitch 1.5mm, int. dia. 4.0mm, leads 
2 xX Smm 

L4 = strip line (52.4 x 5.0mm) 

LS = ferroxcube choke coil. Z (at f=50MHz) = 7502 +20% 


L1 and L4 are strip lines on a double copper clad print plate with teflon fibre-glass 
dielectric (€; = 2.74), thickness 1.45mm. 
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APPLICATION INFORMATION (contd. ) 


Component layout and printed circuit board for 470MHz test circuit. 


D4151 


D4152 


The circuit and the components are situated on one side of the teflon fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 
are made by means of hollow rivets. 


The issue of the information contained in this publicatron does not imply 
any authority or licence for the utilisation of any patented feature 


: Mullard 
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N-P-N SILICON PLANAR . 
EPITAXIAL U.H.F. TRANSISTOR BLX94 


D4153 


f = 470 MHz ‘ f f = 470MHz 
Vec= 28V Voces 28V 
40 Th = 25°C Rehimb—h)=90.6 °C/W 
|| a 
A LCUTT 
(w) ami a 
30/-++— ~ PL 
ee a 
L [ if 
Poo 
20 100-+ 44 typ 4 
$=} 
n 
{(%o) [ | mm | | 
Hall 
n 
10}50 B 
HH 
- i 
0 25 5 Por(W) 7.5 


For high voltage operation, a stabilised 
power supply is generally used. 

’ The graph shows the allowable output 
power under nominal conditions as a 
function of the V.S.W.R., with heat - 
sink temperature as parameter. 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of itsnature andof thenecessary safety precautions. Inparticular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O. BOX 142 

NEW ROAD 

MITCHAM 

SURREY, CR4 4SR. 
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N-P-N SILICON BLY33 
V.H.F. POWER TRANSISTORS BLY34 


TENTATIVE DATA 


Silicon n-p-n high frequency medium power transistors primarily intended 
for class B operation in v.h.f. amplifiers. The collector is electrically 
connected to case. 


QUICK REFERENCE DATA 
BLY33 BLY34 


> 
Vopg max: (peak r.f. =1.0MHz) 


Vv 
Voro max. 


> 
Iom max. (peak r.f. =1.0MHz) 


< oO 
Prot max. (Tage 100°C) 
Ee max. 


fr min. (,=0.2A, Vi~.75.0V, £=100MHz) 250 


Performance in a eine common emitter amplifier:- 
Operation: a.m. 
Supply voltage 13.8 
Output power 2.0 
Typ. power gain 8.0 
Typ. efficiency 80 


Unless otherwise stated data is applicable to both types 


OUTLINE AND DIMENSIONS 
Conforms to B.S. 3934 SO-3/SB3-3B 
J.E.D.E.C. TO-39 


Millimetres 

Min. Nom. Max. 
A 9.10 - 9.40 
B 8.2 - 8.5 
Cc 6.15 - 6.60 
D = 5.08 = 
E 0.71 - 0.86 
Fl = = 0.51 
F2 12.7 - - 
F3 12.7 - 15 
G1 - - 1.01 
G2 0.41 - 0.48 
G3 - 0.53 
H - 0.4 - 
J 0.74 - 1.01 


Collector connected to case 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vors max. (peak r.f. =1.0MHz) BLY33 
BLY34 
v max. BLY33 
CEO BLY34 
VERO max 
In max. 
I . (21. 
cM ™& (f21.0MHz) 
lum max. (f< cag 
PP. max. T =25 C, f=1.0MHz 
tot case 6 
T =25 C, f<1.0MHz 
case 
See also curves on pages 5 and 6 
Temperature 
T; max. Continuous operation 
Intermittent operation, 
total duration 200 hours 
T stg min. 
T_.. max, 
stg 


THERMAL CHARACTERISTIC 


Run (j-case) 


ELECTRICAL CHARACTERISTICS (1,=28°C unless otherwise stated) 


Min. Typ. 

lors Collector-emitter cut-off 

current 

Vor ‘ous™*-> Vpn? c 0.40 

Vor Yoro™™:> Vor? - 0.02 
I Emitter cut-off current 

EBO _ pl 

Vip *-OV, I, 0 0.2u 
hog Static forward current 

transfer ratio 

=0.2A, =5, 1 0 
I Cc Vv CE 5.0V 0 6 
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66 Vv 
40 Vv 
33 Vv 
20 Vv 

4.0 Vv 
0.5 A 
1.5 A 
0.5 A 
5.0 Ww 
4.0 w 

150 °c 

200 °c 

-65 ve 

150 °o 
25 degC/W 

Max. 
5.0 mA 
0.5 mA 
0.5m A 
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N-P-N SILICON BLY33 
V.H.F. POWER TRANSISTORS BLY34 


ELECTRICAL CHARACTERISTICS (cont'd) 


i Transition frequency 


f=100MHz, T =25'C 250 450 - MHz 
amb 
Collector capacitance 


Vor- 10V, T7179, 


f=0.5MHz - 11 15 pF 


te 


Cc te Emitter capacitance 


f£=0.5MHz 45 65 90 pF 


RECOMMENDED OPERATING CONDITIONS 


As a medium power amplifier for the output stage of a small transmitter, or as 
a driver for larger output stages. 


f = 175MHz BLY33 BLY34 
Operation a.m. f.m, f.m. 
Vv cc Supply voltage nom. 13.8 28 13.8 Vv 
max. 16.5 32 16.5 Vv 
VB Base bias voltage 0 0 0 Vv 
Po Output power 2.0 3.0 3.0 Ww 
Pi Input power typ. 0.32 0.28 0.5 Ww 
max. 0.40 0.40 0.6 WwW 
I cc Supply current typ. 180 160 270 mA 
n Efficiency typ. 80 65 80 % 
NOTES 


1. For a.m. telephony, collector modulation of the output and driver stages 
is recommended. 


2. Aheatsinkof thermal resistance 20degC/W is recommended for operation 
in ambient temperatures up to 65°C. At temperatures >65°C, derating 
is necessary. 


3. Under the recommended a.m. operating condition and without modulation, 
the transistor can withstand any load mismatch. With modulation applied, 
operation into an extreme mismatch may adversely affect the life of the 
transistor and care should be exercised to keep the device within its 
ratings. 
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BASIC V.H.F. AMPLIFIER CIRCUIT 


Supply Vec 
* 
5 
4 
Ry= 500 RE a 
Cy SOM ggg O°25yF 
> a 
ame 


Component values for 175MHz amplifier circuit 


C, 30 
Cc, 30 
Ge. | <b 
Cc, 30 
“4 
Me 
Bs 
=" 

NOTE 


wo on wo 
oolUmUDmlUlUCOO 


pF 

pF 

pF 

pF 

inch of straight 18 s.w.g. 

turns of 24 s.w.g. on Ferrite FX1115 
turns of 18 s.w.g., d=3/8", 1=3/8". 
turns of 18 s.w.g., d=3/8", 1=3/8". 


To obtain optimum gain performance the emitter lead length should not 


exceed 1.6mm. 
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N-P-N SILICON BLY33 


V.H.F. POWER TRANSISTORS 
BLY34 
4 BLY331 ii 
an BLY34 7 
p Coe + rit 
ww) 7 EHH 
L CEE ' EEE 
Keeeteo \ec=28V t +H 
ee coaseeemaae EM. ic o 
+H | (EM. pola Voc=13°8V 
30 : H _ a | 
toe +H 
2014 Tot 4 TTI 
+ T et } BLY 33 seers 
[7 f BLY342 sae 
10 HH ce =] : 
t i f. [ i: aan | CLC - 
othr Terre PPE Ty reir 
0 02 04 o6 o8 Pp (W) 


TYPICAL VARIATION OF OUTPUT POWER WITH INPUT POWER 
FOR V.H.F. AMPLIFIER 


(See Recommended Operating Conditions on page 3) 


BLY33 
| BLY34 | 


a ipeaBany syeee 


Permissible areas of operation - : 
ee TT EE 
oth terre st oO Gn TE 
fe) 50 100 


MAXIMUM PERMISSIBLE POWER DISSIPATION PLOTTED AGAINST 
CASE TEMPERATURE FOR FREQUENCIES >1.0MHz 
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~+—+ - 
missible areas of operation 
a 


0-01 


O11 10 10 Vogv) 100 


fe) 50 100 150 re 


PERCENTAGE POWER DERATING PLOTTED AGAINST 
CASE TEMPERATURE FOR FREQUENCIES <1.0MHz 
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N-P-N SILICON PLANAR BLY35 
V.H.F. TRANSISTORS BLY83 


Silicon n-p-n transistors for v.h.f. mobile operation in class B. The BLY35 is 
mounted in a TO-60envelope: and the BLY83is mounted in a plastic, capstan strip- 
line encapsulation. 


The transistors are primarily intended for a.m. operation at 13.8V but are also 
suitable for f.m. operation at 24V. 


QUICK REFERENCE DATA 


P. into 502 


Unless otherwise stated data are applicable to both types 


OUTLINE AND DIMENSIONS 
BLY35 J.E.D.E.C. TO-60 (Emitter connected to stud) 
BLY83 Capstan strip-line (Stud isolated) 


For details see page 2 


BLY35 BLY83 
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OUTLINE DRAWINGS (All dimensions in mm) 
BLY35 


04772 
7208701 
Accessories 
Nut and lock-washer supplied with device 
Torque on nut: min. 0.8Nm (8kg cm) 
max. 1. 7Nm (17kg cm) 
BLY83 ‘ “ax 


| 


All dimensions in mm 


Accessories 


Nut and lock-washer supplied with device 


Torque’ on nut: min. 0. 75Nm (7. 5kg cm) 
max. 0. 85Nm (8. 5kg cm) 
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N-P-N SILICON PLANAR BLY35 
V.H.F. TRANSISTORS BLY83 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
v cpom ™2* 66 Vv 
Vv cEsM ™4*- 66 Vv 
Vv CEO max. 33 Vv 
Veo max. 4.0 Vv 
In max, 2.5 A 
Tow max. (f <1, OMHz) 2.5 A 
low max. (f =1.OMHz) 7.5 
Prop Max. (£=1.0MHz, T, =90°C) 12 w 
Temperature 
ae BLY35 —_-65 to +200 °c 
BLY83 —_-65 to +150 °C 


rlaad conditions: \ | 
T | 


Continuous [YI 
operation 


CECH 


100 T, (°C) 200 
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ELECTRICAL CHARACTERISTICS oe = 725°C unless otherwise stated) 


V (BR CBO 
V (BRICES 
V(BRYCEO 
Y (BR)EBO 


FE 


Tc 


Te 


Collector -base breakdown voltage 


Ta = 10mA 


Collector -emitter breakdown voltage 


In = 10mA, Ron =0 


Collector -emitter breakdown voltage 


In = 50mA 


Emitter -base breakdown voltage 
I = 1.0mA 


Static forward current transfer ratio 


I, =1.0A, Vor 73 WV 


Transition frequency 
L, =1.0A, Vi. =5.0 


f= 100MHz, T._, =25°C 
amb 


Collector capacitance 
Vop= 10V, I, =I, = 0, f= 1.0MHz 


Emitter capacitance 


Vip 7? Ia a1 =O; f = 1,0MHz 


Mullard 


Min. Typ. 
66 - 
66 - 
33 - 

4.0 - 
10 60 
250 450 
- 34 
100 155 


Max. 


220 


= MHz 


45 pF 
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N-P-N SILICON PLANAR BLY35 
V.H.F. TRANSISTORS BLY83 


APPLICATIONS INFORMATION 


R.F. performance in a 7.0W a.m. transmitter at f = 175MHz, 
f mod. = 1kHz 


PCC Cres are IS 


C5 


PL (carrier) Io (driver) I (amplifier) 


Modulating 
transformer 


Audio 
Input 


Nec #13.8V 
04773 


Component values for 175MHz transmitter circuit: - 


c to Ce = 4 to 29pF concentric trimmer capacitors 
Ly = L, = 3 turns of 1.2mm en.Cu wire, int.diam. = 6.4mm, length = 5.0mm 
L, = L, = 5 turns of 1.2mm en.Cu wire, int. diam. = 6.4mm, length = 10mm 


2 


L. = 3 turns of 1. 7mm en.Cu wire, int. diam. = 10mm, length = 10mm 


RFC, = RFC, = 2 turns of 0.4mm en.Cu wire on Ferrite FX1115. 


The issue of the information contained in this publication does not imply 
any authority of licence for the utilisation of any patented feature. 
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APPLICATIONS INFORMATION (contd. ) 


R.F. performance ina 7.OW a.m. transmitter at f = 80MHz, 
f mod. = 1kHz 


To (driver) Ta (amplifier) 


(A) 


ae 


Modutating 
transformer 


OA202 . 
Audio 
Input 


220 
Vec= 
13.8V 
4774 
Component values for 80MHz transmitter circuit: - 
Cc, to Ce = 4 to 29pF concentric trimmer capacitors 
Li = Ly = 5 turns of 1, 2mm en.Cu wire, int.diam. = 6.3mm, length = 9.0mm 
L = Le = 3 turns of 1.2mm en.Cu wire, int.diam. = 7.0mm, length = 6.0mm 
Ly = 6 turns of 2.0mm en.Cu wire, int.diam, = 10mm, length = 13mm 
L, = Le = 1 turn of 0.4mm en.Cu wire on Ferrite FX1115 


R This resistor is incorporated to reduce the carrier level to 8W or below. 
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N-P-N SILICON PLANAR BLY35 
Vv 


-H.F. TRANSISTORS BLY83 
Cages a 4 H f | ial ba f zi 89579 
oe ae or + f 
cei Ht 
7 H [ H z 4 
BEng apeaes | 
ay | 
6 - =| yf : { 
Lit | 
nam +++} Ht aaa 
200 300 


C.W. Drive Power to BLY33 (mw) 


AERIAL CARRIER POWER PLOTTED AGAINST C, W. DRIVE POWER FOR 
THE 7W A.M. 175MHz AMPLIFIER (see page 5) 


Pa. Ae HA 
cARW) EE Ht t171MHz 80M#z |_| 
ssinte Ala 
SBOoR aa s0aee rH 
se a + 
7 seeges! Ct H ct 
HoH} FC H C1 7W A.M.80MHz 
|. HH Vog=138 
sdtsiy sty’ teste decstet cs is 
Se sae ea a) | + 
sera aut suze) at fostccastocasestetoctzactticet 
ro 3 7 tH ey I HHH 
So Err Corer poe eee Eber el 


20 40 60 80 100 
C.W. Drive Power to BSX61 (mW) 


AERIAL CARRIER POWER PLOTTED AGAINST C., W. DRIVE POWER FOR 
THE 7W A.M. 80MHz AMPLIFIER (see page 6) 
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APPLICATIONS INFORMATION (contd. ) 


R.F. performance in c.w. operation at f = 175MHz, Ty =40°C 


PL into 502 


Supply 


Component values for 175MHz amplifier circuit: - 


Cy =C, =Cy = 30pF max. 
concentric trimmer capacitors 


Cy = 60pF max. 

Ly = 25.4mm of straight 1. 7mm Cu wire 

Ly = 3 turns of 0.5mm Cu wire on Ferrite FXII5S 

L, = 3 turns of 1. 7mm Cu wire, int.diam. = 9.5mm, length = 9,5mm 
Ly = 2 turns of 2.0mm Cu wire, int.diam, = 12. 7mm, length = 9.5mm 
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N-P-N SILICON PLANAR BLY35 
V.H.F. TRANSISTORS 


LOAD POWER PLOTTED AGAINST DRIVE POWER 
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APPLICATIONS INFORMATION (contd. ) 


R. F. performance in c.w. operation at f = 80MHz, Ty <40°C 


P_ into 502 


(W) 


Component values for 80MHz amplifier circuit: - 


G,= 1) = C = Cy = 4 to 29pF concentric trimmer capacitors 


L, =A turns of 1.2mm Cu wire, int. diam. = 6.3mm, length = 8.0mm 
Ly = 2 turns of 0. 35mm Cu wire, on Ferrite FX1115 

L = 5 turns of 1.2mm Cu wire, int. diam. = 6.3mm, CLOSE WOUND 
Ly = 5 turns of 1.7mm Cu wire, int.diam. = 9.6mm, length, = 12mm 
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N-P-N SILICON PLANAR BLY35 


V.H.F. TRANSISTORS BLY83 
PL FEE +4 Cet et {89583 | 
(Ww) EE Typicat curves +H HE HI 1 

- ty f= 8OMHz = Too 
Tmb2 40°C FOr Veco =13-8V 7) 
: i ae ae Crt ia L 
i | Crt 1 " a0 seriii 
rol eEIBE 3 
[=] | =f Tt 
coat 
H t fH 
SE Ft Hee coo 
egse, _ eNeneeeececct CeesceceneeeetcrTsaleee 
gaedabernacursesoeessersteesteerses acetate: 
Per seaanan Pee EEE a 
oMA SE CeCe: Cer ee 
0 0-2 0-4 0-6 0-8 Por (W) 


LOAD POWER PLOTTED AGAINST DRIVE POWER 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure thatail those who may handle, use or dispose of this 
device are aware of its natureand of thenecessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returnedto the Mullard Service Department, They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O. BOX 142 

NEW ROAD 

MITCHAM 

SURREY, CR4 4SR. 
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N-P-N SILICON PLANAR BLY36 
V.H.F. TRANSISTORS BLY84 


Silicon n-p-n transistors for v.h.f. mobile operation in class B. The BLY36 is 
mounted in a TO-60 envelope and the BLY84 is mounted in a plastic, capstan strip- 
line encapsulation. 


The transistors are primarily intended for f.m. operation at 13. 8V. 


QUICK REFERENCE DATA 


Circuit 


Un-neutralised 
common ~emitter 


class B. 


Unless otherwise stated data are applicable to both types 


OUTLINE AND DIMENSIONS 
BLY36 J.E.D.E.C. TO-60 (Emitter connected to stud) 
BLY84  Capstan strip-line (Stud isolated) 


For details see page 2 


BLY36 BLY84 
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OUTLINE DRAWINGS (All dimensions in mm) 
BLY 36 


D&772 


7208701 


Accessories 

Nut and lock-washer supplied with device 

Torque on nut: min. 0. 8Nm (8kg cm) 
max. 1.7Nm (17kg cm) 


BLY84 


Alt dimensions in mm 
Accessories p3370 


Nut and lock-washer supplied with device 


Torque on nut: min. 0. 75Nm (7. 5kg cm) 
max. 0. 85Nm (8. 5kg cm) 


Mullard 


BLY36 Page 2 


N-P-N SILICON PLANAR BLY36 
V.H.F. TRANSISTORS BLY84 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
VcROM max, 40 Vv 
Vorsm max, (Rap = 0) 40 Vv 
Varo max, 20 Vv 
V ppo max. 4.0 Vv 
In max. 2.5 A 
Tom max. (f <1. OMHz) 2.5 A 
tom max. (f =1.O0MHz) TS A 
Pop Max. (f 21-0MHz, T,, =90°C) 12 Ww 
Temperature 
P BLY36 —--65 to +200 a 
stg {0} 
BLY84 -65 to +150 Cc 


04770 


Short duration 
overload conditions 


Continuous 
operation 


ie 
tT 
{| 
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ELECTRICAL CHARACTERISTICS oe = 25°C unless otherwise stated) 


Min. Typ. Max. 


Vv Collector -base breakdown voltage 
Ghee Io = 10mA 40 i > Vv 
Vv Collector -emitter breakdown voltage 
(BR)CES i: _ 2 7 
Io = 10mA, Ror =0 40 v 
Vv Collector -emitter breakdown voltage 
PRICED. a SOA 20 (C : Vv 
Vv Emitter -base breakdown voltage 
BRJEDO I = 1.0mA 4.0 = = Vv 
hog Static forward current transfer ratio 
1, = 1.0A, Vip = 5.0V 10 60 - 
f. Transition frequency 
In =1.0A, Vor minut 
f = 100MHz, T = 25°C 250 450 = MHz 
amb 
Cre Collector capacitance 
Vop = IOV, I, =1, = 0, f= 1.0MHz - 37 45 pF 
Cre Emitter capacitance 
Vepz? In =I, +0, f = 1.0MHz 100 155 - pF 
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N-P-N SILICON PLANAR BLY36 
V.H.F. TRANSISTORS BLY84 


APPLICATIONS INFORMATION 


R.F. performance in c.w. operation at f = 175MHz, Th =40°C 


P, into 50a 


Supply 


Component values for 175MHz amplifier circuit: - 


Cc, =C,= Cy = 30pF max. concentric trimmer capacitors 


3 
Cc, = 60pF max. concentric trimmer capacitor 


L, = 25.4mm of straight 1. 7mm Cu wire 


1 
Ly = 3 turns of 0.5mm Cu wire on Ferrite FX1115 
L, = 3 turns of 1. 7mm Cu wire, int. diam. = 9.5mm, length = 9.5mm 
Ly = 2 turns of 2.0mm Cu wire, int.diam. = 12.7mm, length = 9.5mm 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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} 


175MHz 


f= 


LOAD POWER PLOTTED AGAINST DRIVE POWER 
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N-P-N SILICON PLANAR BLY36 
V.H.F. TRANSISTORS BLY84 


APPLICATIONS INFORMATION (contd. ) 


R.F. performance in c.w. operation at f = 80MHz, Th =40°C 


into 502 


(w) 


Component values for 80MHz amplifier circuit: - 


Cc, = Cy = Cc, = Cy = 4 to 29pF concentric trimmer capacitors 

L, = 4 turns of 1. 2mm Cu wire, int. diam. = 6.3mm, length = 8.0mm 
L, = 2 turns of 0.35mm Cu wire, on Ferrite FX1115 

= 5 turns of 1.2mm Cu wire, int. diam. = 6.3mm, CLOSE WOUND 


= 5 turns of 1. 7mm Cu wire, int.diam. = 9.6mm, length = 12mm 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLY53A 


Silicon n-p-n transistor for v.h.f./u.h.f. mobile applications. The device is 
mounted in a plastic, capstan strip-line encapsulation. 


With a supply voltage of 13.8V and a signal frequency of 470MHz, the BLY53A will 
produce 7. OW output into a 509 load. 


QUICK REFERENCE DATA 


Circuit 


Un -neutralised 
common -emitter 
class B 


\L. collector 
identification 


All dimensions in mm 


03370 


ACCESSORIES 
Nut and lock-washer supplied with device 
Torque on nut: min. 0. 75Nm (7. 5kg cm) 
max. 0. 85Nm (8. 5kg cm) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
v cpom ™2*: 36 Vv 
Vorsm max. Rap =0) 36 Vv 
Vv cro ™* 18 Vv 
Veo max. 4.0 Vv 
Ta max. 1.0 A 
lous max. (f > 10OMHz) 4.0 A 
Pot Max (f > 10MHz, T,, <70°C) 10 WwW 


See also graph below 


Temperature 


o 


T -65 to +150 Cc 
stg 


f 2B 1OMHz 
Prot =(Poct Pi 


Short duration 
overload conditions 


Continuous ope! 


Bay ay? 
Vog (VY 100 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLY53A 


ELECTRICAL CHARACTERISTICS = 25°C unless otherwise stated) 


Min. Typ. Max. 
Vv Collector -base breakdown voltage 
Bee Ig = 10mA : 36 ; ee, 
Vv Collector -emitter breakdown voltage 
(BR)CES in s 2 . 
Io = 10mA, Ror =0 36 Vv 
Vv Collector -emitter breakdown voltage 
Bee Ig = 25mA . 18 : a 
Vv (BR)EBO pees ~base breakdown voltage 5% ; ; 7 
Bol OmA . 
Vv Collector -emitter saturation voltage 
GE eet) 1, =0.5A, 1, =0.1A g 0.2 : Vv 
Cc B 
hop Static forward current transfer ratio 
Ta =0.5A, Vor =5.0V 10 40 - 
“fp Transition frequency 
1, =0.5A, V.. =5.0V, f = 500MHz = 1300 - MHz 
Cc CE 
Coe Collector capacitance 
Vop = 10V, I, =1, = 9, f = 1.0MHz 7 14 20 pF 
Cre Emitter capacitance 
Vip =? Iq =1,=9, f = 1, OMHz - 65 pF 
Cog Collector -stud capacitance = 2.0 = pF 


*Derived from the 'S' parameters measured at f = 500MHz, Tomb = 25°C. 
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53371 


500MHz. { 


NOTE:- Graph derived from the ‘S’ parameters measured at f 


Ig (A) 


1.0 


0.5 


Bar 
an 


15 VcplV) 20 
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‘P-N SILICON PLANAR BLY53A 


N 
V.H.F./U.H.F. TRANSISTOR 


APPLICATION INFORMATION 


R,F. Performance in c.w. operation Ty = 25°C) 


PL into 502 


2.34] 6.3 
3+j 0.5 


At PL, = 7. OW and Vcc = 12.5V, the output power at heatsink temperatures between 


25 and 90°C relative to that at 25°C is diminished typically by 10mWw/°C. 


The transistor is designed to withstand full load mismatch in the test circuit under 


the following conditions: - 


= = = Oo 
Voc = 16.5V f = 470MHz Th = 70°C 


V.S.W.R. = 50:1 at any phase 


Por = Por nom. +20% 


Where Por nom, = Por 


load at Voc = 13. 8V. 


for 7. OW transistor output into 502 


470MHz Amplifier circuit 


C1 


The issue of the information contained in this publication does not imply 
any authority or ticence for the utilisation of any patented feature. 


Mullard 


BLY53A Page 5 


APPLICATION INFORMATION (contd. ) 
Component values for 470MHz amplifier circuit 


Cl =C2=C4=C5 = 1.8 to 18pF film dielectric trimmer capacitors 

C3 = 6.8pF ceramic capacitor 

C6 = 0. luF ceramic capacitor 

C7 = 4000pF feed -through capacitor 

C8 = 10pF ceramic capacitor 

L1 = L4 =L5 = 20mm of straight 1.2mm copper wire. Height above board = 2mm 
L2 = 0. 47H choke 

L3 = 1 turn of 1.7mm copper wire, int. dia. 10mm, lead length = 5mm 

R_ = 102 - carbon 


Component layout on 1.5mm double copper clad fibre-glass board 


Shaded area copper 
Underside area completely copper clad 


0 1 2 3 Pop (W)4 


TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLY53A 


APPLICATION INFORMATION (contd. ) 


03392 


Vochom = 13.8V f = 470MHz 


P. 


pRIOM=Myp at Vo, =13.8V and VSWR. = | 


P, nom |Pinom =P, at V.-=13.8V, VSWR.=1 and 1, =25°C 
(W) 


10 


EERE PEE EEE 
0 FEET ro Eeneere 
1.0 : 1.2 


Vo 


Voc nom 


Por nom 


INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD 


The transistor is suitable for use with unstabilised supply voltages. The above graph 
has been derived from an evaluation of the performance of transistors matched up to 
9 watts load power in the circuit on page 5, and subsequently subjected to various 
voltage overloads and mismatch conditions with v.s.w.r. up to 50: 1 at a heatsink 
temperature of 70°C. This indicates a restriction to the load power matched under 
nominal conditions with varying supply voltages and v.s.w.r. in the recommended 
circuit. 
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APPLICATION INFORMATION (contd. ) 
175MHz Amplifier circuit 


cé Ce 
L3 ; 
Ls 3 Output 
LYN. Ar R 
Input C1 ul son 
> AP 
500. 
c2 | L2 ch cs 


mi 0278) 


Component values for 175MHz amplifier circuit 


Cl = 30pF 
C2 = 60pF —e 

C3 = 30pF concentric trimmer capacitors 
C4 = 30pF 


C5 = 0, 25uF ceramic capacitor 

C6 = 4. OnF feed-through capacitor 

L1 = 25mm of straight 1.2mm copper wire. Height above board = 3mm 

L2 = 3 turns of 0.5mm copper wire on Ferrite FX1115 

L3 = 5 turns of 1. 2mm copper wire d = 10mm. Close wound, lead length = 5mm 
L4 = 3 turns of 1.2mm copper wire d = 10mm. Close wound, lead length = 5mm 
R = 108 - carbon 


Component layout on 1.5mm single copper clad fibre-glass board 


iE 10mm . 02782 


Shaded area copper 
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N-P-N SILICON PLANAR 
V.H.F./U.H.F. TRANSISTOR BLY53A 


APPLICATION INFORMATION (contd. ) 


03376 


83375 


| 
| + 
| 7 Typical curves 
an {°%o) f = 175MHz 
HEE y= 2" 
HH Tl 
AH 80 
rH im TTT 
4 ia 
70 
an Veo = 13.8V 
Let 12.5V 
60 
50 
40 
0 0.5 1.0 
Pop (WI 


TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of thenecessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

P.O. BOX 142 

NEW ROAD 

MITCHAM 

SURREY, CR4 4SR. 
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N-P-N SILICON BLY55 


V.H.F. POWER TRANSISTOR 


TENTATIVE DATA 


Silicon n-p-n high frequency medium power transistor primarily intended 
for class B operation in y.h.f. amplifiers. The emitter is electrically 
connected to the envelope. 


QUICK REFERENCE DATA 


Vors max. (peak r.f. =1.0MHz) 40 Vv 
Varo max. 20 Vv 
Tay max: (peak r.f. 21.0MHz) 3.0 A 
Prot max: (Tp =t00°C) 4.0 Ry 
qT max. 150 Cc 


=5.0V, £=100MHz) 250 MHz 


f in. =0. 
ip min do 0.2A, Vor 


Performance in a 175MHz common emitter amplifier: 


Operation: 


Supply voltage 


és Output power 4.0 Ww 
Se Power gain (typ.) 10 dB 
n Efficiency (typ.) 


OUTLINE AND DIMENSIONS 
Conforms to J.E,D.E.C. TO-60 


Millimetres 
Min. Max. 
A 9.53 11.56 
2.29 3.43 
Cc 5.46 8.13 
@bd 8.13 9.14 
@D1 10.77 11.10 
@b2 4.58 5.58 
L 3.56 4.06 
GT 0.76 1.17 


Emitter electrically connected 
to envelope 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Vv max. (peak r.f. =1.0MHz) 


I max. (peak r.f. 2=1.0MHz) 

T,,, max. (peak r.f. <1.0MHz) 
P, max. T_, =25°C, f=1.0MHz 
mb 

T_,=25 C, f<1.0MHz 


mb 
See also pages 5 and 6 


Temperature 


I 


Tote range 


rs max, 


Intermittent operation, total 


duration 200 hours 


THERMAL CHARACTERISTIC 


Rn(j-mb) 


Collector-emitter cut-off 


CES current 
Vop 40V; Ven? 
Vor 20V, Vern? 
lap oO aa ag ne 
EB" ’ C 
h . 
FE Static forward current 


transfer ratio 
i,=0. =5. 
c 0.2A, Vor 5.0V 


Continuous operation 


Mullard 


40 
20 
4.0 


-65 to +150 
150 


200 


12.5 


60 


ELECTRICAL CHARACTERISTICS (1,=25°C unless otherwise stated) 
Min. Typ. 


Vv 
Vv 
Vv 
A 
A 
A 
Ww 
WwW 
°c 
te) 
°c 
degC/W 
Max. 
5.0 mA 
0.5 mA 
0.5m A 
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N-P-N SILICON 
V.H.F. POWER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 


te 


te 


Transition frequency 


=0. =5.0 
ly 0.2A, Vor 5.0V, 


£=100MHz, T =25°C 250 
amb 
Collector capacitance 


Vig =[ = 
CB 10V, I, I, 0, 


£=0.5MHz - 


Emitter capacitance 


Veg TO ta=-e 


£=0.5MHz 45 


RECOMMENDED OPERATING CONDITIONS 


Typ. 


450 


11 


65 


Max 

- MHz 
15 pF 
90 pF 


As a medium power amplifier for the output stage of a small transmitter 
or as a driver for larger output stages. 


F.M. Operation 


f 


Yoo 


I 
cc 


Operating frequency 


Supply voltage nom. 


max. 
Base bias voltage 
Output power 
Input power typ. 
max. 


Supply current typ. 
Efficiency typ. 


MHz 


22 € <4 << 


> 


m 


se 


A heatsink of thermal resistance 10degC/W is recommended for operation 
inambient temperatures up to 65°C. At temperatures >65°C, derating is 
necessary. 
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BASIC V.H.F. AMPLIFIER CIRCUIT 


ane Supply 
Ld 
a 
Yec 
Lb 52 
é 7 C3 Lg 
1 1 
2—DOWO™ 
i 
R.=50n. w R. = 
s L 
C2 te ' C4 songoesuF 
t 
w 


The emitter is earthed via the case and the emitter pin is not connected 


Component values for 175MHz amplifier circuit :- 


Cc, 30 pF 

C, 60 pF 

C3 30 pF 

Cc, 30 pF 

L, 1.0 inch of straight 18 s.w.g. 

L, 3.0 turns of 24 s.w.g. on Ferrite FX1115 
L, 5.0 _ turns of 18 s.w.g., d=3/8", 1=3/8". 
Ly 3.0 turns of 18s.w.g., d=3/8", 1=3/8". 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The 
device is entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose 
of this device are aware of its nature and of the necessary safety precautions. 
In particular, it should never be thrown out with general industrial or 
domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any 
are damaged or broken they MUST NOT be sent through the post. In this 
case advice is available frnm the Service Department, Mullard Ltd. New 
Road, Mitcham, Surrey. 
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-P-N SILICON BLY55 


N 
V.H.F. POWER TRANSISTOR 


4 
CPP EPreryy 


| 
om) 


i 


aan 
cH 


PEE 


HH 


Cet 


TYPICAL VARIATION OF OUTPUT POWER WITH INPUT POWER 
FOR V.H.F. AMPLIFIER 


eguesegneceqceseeeeesces\ feeeeee 


fejume j H im is 
(e) 50 100 150 200 Tmp'©) 


MAXIMUM PERMISSIBLE POWER DISSIPATION PTOTTED AGAINST 
MOUNTING- BASE TEMPERATURE FOR FREQUENCIES >1.0MHz 
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Frot 


°fo 


10 Veetv) 100 


PERMISSIBLE AREA OF OPERATION FOR FREQUENCIES <1.0MHz 


EEE EHH {eiyss 


COCECE CCC eee ee 


FEE EEFEFEESEeH 


PERCENTAGE POWER DERATING PLOTTED AGAINST 
MOUNTING-BASE TEMPERATURE FOR FREQUENCIES <1.0MHz 
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N-P-N 
V.H.F. 


May 1973 


SILICON PLANAR BLY83 
TRANSISTORS BLY84 


For details see data sheets for types BLY35, BLY36 respectively 
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N-P-N SILICON PLANAR BLY85 
V.H.F. TRANSISTORS BLY97 


TENTATIVE DATA 


The BLY85 and BLY97 are primarily intended for class B operation in the v.h.f. 
driver stages of mobiletransmitters. The BLY85 is designed for 4W f{.m. operation 
at 13.8V supply and the BLY97 for 4Wf.m. operation at 24V supply. 


QUICK REFERENCE DATA 


Typical ¢.w. performance at T <40°C 


T : Vv 
‘ype No cc f Por 
(Vv) (MHz) (W) 
BLY85 13.8 175 0.2 
BLY97 24 175 0.14 
ese 


Unless otherwise stated data are applicable to both types 


OUTLINE AND DIMENSIONS 


For details see page 2 
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OUTLINE AND DIMENSIONS 


Alt. dimensions in mm. 


orsz8 


ACCESSORIES 


Nut and lock-washer supplied with device 
Torque on nut: min. 0.75Nm (7.5kg cm) 
- max. 0.85Nm (8.5kg cm) 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical BLY85 BLY97 
Vors max. (f >1.0MHz) 40 66 Vv 
Voro max. 20 33 Vv 
Viepo max, 4.0 4.0 Vv 
No max. 1.0 1.0 A 
lom max. (f < 1.0MHz) 1.0 1.0 A 
low max. (f > 1.0MHz) 3.0 3.0 A 
tot AX. E> 1.0MHz, Tee 25°C) 10 10 Ww 
Prot max. (F< 1.0MHz, Eas 25°C) 8.0 8.0 Ww 
Temperature 
Tog Tange -30 to +150 °c 
a max. (continuous operation) 150 e 
z max. (short duration overload conditions) 200 °c 
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N-P-N SILICON PLANAR 
V.H.F. TRANSISTORS 


THERMAL CHARACTERISTIC 


Rengj-mb) 


ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise stated) 


I Collector cut-off current © 
GES V.=V oq mM Vap=0 
cE ‘cEsS™**> “BE 
Von 20V; Vian? 
I i - 
EBO oe es . ps 
EB’ C 
hip Static forward current transfer ratio 
1, 70.24, VaR 8 0V 
fp Transition frequency 
1Q=0 2A, Vor 3 OV 
f=100MHz, T | =25°C 
am 
Cre Collector capacitance 
Vop™ lov, 1,71,=9, f=0.5MHz 
Cre Emitter capacitance 
Veep 1,71, =9, f=0.5MHz 
R.F. Performance in c.w. operation 
T < 40° 
mb — oe 


Type 
number 


BLY85 
BLY97 


5 degc/W 


Min. Max. 
~ 5.0 mA 
- 0.5 mA 
~ 0.5 mA 
10 - 
250 + MHz 
- 15 pF 
45 90 pF 
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BASIC V.H.F. AMPLIFIER CIRCUI- 


Component values for 175MHz amplifier circuit 


C1 = 30pF Li = 1.0 inch of straight 18 s.w.g. 

C2 = 60pF L2 = 3.0 turns of 24 s.w.g. on Ferrite FX1115 

C3 = 30pF L3 = 5.0 turns of 18 s.w.g., d= 3/8", €= 3/8" 

C4 = 30pF L4 = 3.0 turns of 18 s.w.g., d= 3/8", 2= 3/8" 
CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who mayhandle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

2,.NEW ROAD, MITCHAM JUNCTION 
SURREY, CR4 4XY. 
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N-P-N SILICON PLANAR 
V.H.F. TRANSISTORS 


Short duration 


overload condition 


(Pac + Pi} -Po 
f 21.0MHz 


NX 
ANH 
GaEAN 


150 


Ee 
ee 
N 


Prot 


IN 


tion \ 
| | A 


Continuous opera 


a A OE 


Tmp(C) 


250 


200 


100 
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i Typical curve 


Van = 12: 8V(BLYB5) 
CC*24V (BLY97) 
= 175 MHz 


sseentaats 


eat 


Veo = 13:8V (BLY85) 
CC™24V (BLY97) 
=175MHz 


| || 

B 

ae 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY89A 


N-P-N epitaxial planar transistor intended for use in class A, B and C operated mo- 

bile, industrial and military transmitters with a supply voltage of 13.5 V. The tran-~- 

sistor is resistance stabilized. Every transistor is tested under severe load mis- 
lis 


match conditions with a supply overvoltage to 16.5 V. It has a 4" capstan envelope 
with a moulded cap. All leads are isolated from the stud. 


QUICK REFERENCE DATA 


R.F. performance up to Tmb = 25°C in an unneutralised common-emitter 
class B circuit. 

Mode of | Vcc f Po | Py Io Gp n Zj 

operation | (V) | (MHz) | (W) |(W)| (A) |(dB)| (%) | ©) 


175. 1< 6.251 25|<2.641>61>70 }1.7+j1.4 {2094j13.7 


72z600001 |“*-— 11.6 ~ 


10.6 


Diameter of clearance hole in heatsink: max. 


Torque on nut: min. 15 kg cm 5.0 mm. 
(1.5 Newton metres) Mounting holeto have no burrs at either end. 
max. 17 kg cm De-burring must leave surface flat; do not 
(1. 7Newton metres) chamfer or countersink either end of hole. 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 
Collector -base voltage (open emitter) 

peak value VCBOM max. 36 = V 
Collector -emitter voltage (open base) VCEO max. 18 OV 
Emitter -base voltage (open collector) VEBO max. 4 NV 
Currents 
Collector current (average) lov AV) max. 5 A 
Collector current (peak value) f > 1 MHz ICM max. 10 A 


Power dissipation 


Total power dissipation up to Tmp = 25 °C 
f > 1 MHz 


7260091 


Tmp 225°C 


[ [\estesv] |_| 
[| f>imHz | | | 
a 


short time 
75 operation 


opL_LIT Titi T Trt Ty : 
0 50 700 7, (°c) 150 5 6 7 68910 Velvi 20 

Temperature 
Storage temperature Tstg -30 to +200 °C 
Operating junction temperature Tj max. 200 ° 
THERMAL RESISTANCE 
From junction to mounting base Rth j-mb = 2.5 °C/w 
From mounting base to heatsink Rthmb-h = 0.3 °C/W 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR 


BLY89A 


CHARACTERISTICS Tj = 25°C unless otherwise specified 


Breakdown voltages 


Collector -base voltage 
open emitter, Ic = 50 mA V(BR)CBO 


Collector ~emitter voltage 
open base, Ic = 50 mA V(BR)CEO 


Emitter ~base voltage 
open collector; Iz = 10 mA V(BR)EBO 


Transient energy 
L = 25 mH; f = 50 Hz 
open base E 
~VpE=1.5V; Rpp=33Q2 E 


D.C. current gain 
Ig =1A; VcE=5V hFE 


Transition frequency 
Ic = 4A; VcE=10V ft 


Collector capacitance at f = 1 MHz 
Ig =lIe = 0; Vop=15 V Co 


Feedback capacitance at f = 1 MHz 


Iq = 100 mA; Voz = 15 V Cre 
Collector-stud capacitance Ces 
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> 36 
> 18 
> 4 
> 8 
> 8 
typ. 50 
10 to 120 
typ. 650 
typ. 65 
< 90 
typ. 41 
typ. 2 


mWs 


MHz 


pF 


pF 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY89A 


APPLICATION INFORMATION 
R.F, performance in c.w. operation (unneutralised common -emitter class B circuit) 


VCC = 13.5 V; Tmp up to 25°C 


f(MHz) | Pg (W) | PL(W) | Ic(A) | Gp(dB) | 1%) | 24%) | ¥, (ma/y) 
175 <6, 25 25 < 2.64 >6 >70 | 1.74j1.4 | 2094413.7 


Test circuit 
wl Bo 


500 


50n 


7260824 


+Voc 
Ccl= 4to 44 pF film dielectric trimmer 
C2 = 2 to 22 pF film dielectric trimmer 
C3 = C4 = 47 pF ceramic 
C5 = 100 pF ceramic 
C6 = 150 nF polyester 
C7 = 4to 104 pF film dielectric trimmer 
C8 = 4 to 64 pF film dielectric trimmer 
Ll = 0.5 turn enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm 
L2 = L3 = ferroxcube choke 
L4 = 3.5 turns closely wound enamelled Cu wire (1.5 mm); int.diam. 6 mm; 
leads 2x6 mm 
L5 = l turn enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm 


R1L=10Q2. carbon 


Component lay-out for 175 MHz see page 6. 
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APPLICATION INFORMATION (continued) 
Component lay -out and printed circuit board for 175 MHz test circuit. 


7260525 


The circuit and the components are situated on one side of the epoxy fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 
are made by means of hollow rivets. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY89A 


=175MHz 


Q S 10 Po(W) 15 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

2,NEW ROAD, MITCHAM JUNCTION 
SURREY, CR4 4XY. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY90 


N-P-N silicon planar epitaxial v.h.f. power transistor for use in class A, B and C 
operated mobile transmitters with a 12.5V supply. It can withstand severe load 
mismatch conditions with a supply overvoltage up to 15V. 

The BLY90 has a plastic encapsulated stripline package with all Jeads isolated from 


the stud. 
QUICK REFERENCE DATA 
R.F. performance in an un-neutralised common-emitter class B circuit, 
T, = 25°C. 
h 
Operation Vag f POR Pe In a n Zi Yr 
(V) | (MHz)} (WW) | (W)} (A) | GB) | (2) (mA/V) 


cw. 112.81 175 |<1s.81 50 <5.33| >5.0| >75] 1.3 + jl.612704 {160 


OUTLINE AND DIMENSIONS 


ou Ya'x28 UNF 
= B88 +102 
“ Bhe | All dimensions in mm zen 


Torque on nut: min. 23kg cm (2,3N m), max. 27kg cm (2. 7N m) 
Diameter of clearance hole in heatsink: max. 6.5mm 


Note: Do not chamfer the edges of the mounting hole when removing burrs. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Venom max. 


Tovav) max. 


> 
Iom max. (f >1MHz) 


P op max. (f >IMHz, T), < 25°C) 


tot 


Temperature 


E 
stg 


Short duration 2 


overload condition 


Continu 


ous operati 


0 50 Th (°C) 
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36 Vv 
18 Vv 
4.0 Vv 
8.0 A 
20 A 
130 W 


-65 to 4200 °C 


40 Voce (V) 10? 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY90 


ELECTRICAL CHARACTERISTICS oe = 25°C unless otherwise stated) 


Min. Typ. Max. 
Vv Collector -base breakdown voltage 
eee open emitter, Tn =100mA 36 > - Vv 
Vv Collector -emitter breakdown voltage 
PRICES open base, lo = 100mA 18 - - Vv 
Vv Emitter -base breakdown voltage 
Chee open collector, I, =25mA 4.0 = « Vv 
E Transient energy 
L=25mH, f=50Hz 
open base 8.0 = - mWs 
Vor =1.5V, Rog = 332 8.0 - - mWs 
hop Static forward current transfer ratio 
I,=1.0A, Vop =5- OV 10 50 - 
f Transition frequency 
1,6. 0A. Vag = 10V 2 550 - MHz 
Cry Collector capacitance 
=I =0, = , f= £ 
Ip 1, 0 Vor 15V IMHz 130 160 pF 
CL Feedback capacitance 
1, =200mA, Vop = 1SV - 82 = pF 
Cos Collector -stud capacitance - 3.5 : pF 


Mullard 


BLY 90 Page 3 


APPLICATION INFORMATION (contd. ) 


Component layout and printed circuit board for 175MHz test circuit 


+ 123mm > 


ground plane removed Ps2be 


Z \1mm 


03266 


The circuit and the components are situated on one side of the epoxy fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 
are made by means of hollow rivets. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY90 


Brnom= Fort Voc =12.5V and V.S.W.R=1 


see page 5 


NOTE 


INDICATED LOAD POWER 
AS A FUNCTION OF OVERLOAD 
(see note below) 


The transistor is developed for use with unstabilised supply voltages. The above 
graph has been derived from an evaluation of the performance of transistors matched 
up to 50 watts load power in the circuit on page 5, and subsequently subjected to 
various voltage overloads and mismatch conditions with V.S.W.R. up to 50:1 ata 
heatsink temperature of 70°C. This indicates a restriction to the load power matched 
under nominal conditions with varying supply voltages and V.S.W.R. in the recom- 
mended circuit. 
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CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of itsnature andof the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

2 NEW ROAD, MITCHAM JUNCTION 
SURREY, CR4 4XY. 


The issue of the information contained in this publication daes not imply 
any authority or licence for the utilisation of any patented feature. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY93A 


N-P-N epitaxial planar transistor intended for use in class A, B and C operated 
mobile, industrial and military transmitters with a supply voltage of 28 V. The 
transistor is resistance stabilized. Every transistor is tested under severe load 
mismatch conditions. It has a 4" capstan envelope with a moulded cap. All leads 
are isolated from the stud. 


QUICK REFERENCE DATA 
R.F. performance up to Tyyp = 25 °C in an unneutralised common-emitter 
class B circuit. 


Mode of | Voc] f | Ps|PL| Ic |G, ] 7 Zi TL 
operation | (V) | (MHz) | (W) | (W)] (A) (ab) (2) | (22) (mA/V) 


c.W, 28 175 I<3.U 25 |1<1.51>9 |>60 [1,041.2 57.7-j52.7 


MECHANICAL DATA Dimensions in mm 


72600001 


Diameter ofclearance hole in heatsink: max. 


Torque on nut: min. 15 kg cm 5.0 mm. > 
(1.5 Newton metres) Mounting hole to have no burrs at either end. 
max. 17 kg cm De-burring must leave surface flat; do not 

(1. 7 Newton metres) chamfer or countersink either end of hole. 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 


Voltages 
Collector-base voltage (open emitter) 

peak value VoBoM max. 65 V 
Collector-emitter voltage (open base) VoRo max. 36 V 
Emitter-base voltage (open collector) VEBO max. 4 V 
Currents 
Collector current (average) ert AV) max. 3°A 
Collector current (peak value) f > 1 MHz Icom max. 9 A 


Power dissipation 
Total power dissipation up to Typ = 25 °C 
f > 1 MHz 


7260028 


short time WK, 
75 F operation 


1 : 


10 20 30 40 

Vee (V) 
Temperature 
Storage temperature Tstg -30 to +200 °C 
Operating junction temperature Tj max. 200% 
THERMAL RESISTANCE 
From junction to mounting base Rth j-mb = 2.5 °C/W 
From mounting base to heatsink Rth mb-h = 0.3 c/w 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY93A 


CHARACTERISTICS Tj = 25°C unless otherwise specified 


Breakdown voltages 


Collector -base voltage 


open emitter, Ic = 50 mA V(BR)CBO > 65 Vv 
Collector -emitter voltage 
open base, Ic = 50 mA V(BR)CEO > 36 V 
Emitter ~base voltage 
open collector; Ig = 10 mA V(BR)EBO > 4 V 
Transient energy 
L = 25 mH; f = 50 Hz 
open base E > 8 mWs 
-VpE = 1.5 V; RBE =33Q E > 8 mWs 
D.C. current gain 
a AS 7 typ. 50 
Ic =1A; VcE=5V hFE 10 to 120 
Transition frequency 
Ic = 3 A; Vcg = 20 V fy typ. 500 MHz 
Collector capacitance at f = 1 MHz 
-In =0: a typ 50 pF 
Ig =Ie = 0; Vop = 30 V Co é 65 pF 
Feedback capacitance at f = 1 MHz 
Ig = 100 mA; Vcr = 30 V Cre typ. 31 pF 
Collector-stud capacitance Cos typ. 2 pF 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY93A 


APPLICATION INFORMATION 
R.F. performance in c.w. operation (unneutralisedcommon-emitter class B circuit) 


Voc = 28 V; Tmp = 25°C 
(MHz) Pg (W) | Py, (W) Iq (A) Gp (dB) 
175 <3.1 25 <1.5 >9 


Test circuit 7 
L 


n(%) | 2) |¥_ (A/V) 
> 60 eal 


L6 C7 
502. 


son 


' 
| 
| 
\ 
! 
t 
' 
if 
t 
! 
| 
\ 7260025 
| 

| 

| 

| 


Cl= 4 to 44 pF film dielectric trimmer 
C2 = 2 to 22 pF film dielectric trimmer 
C3 = C4 = 47 pF ceramic 

C5 = 100 pF ceramic 

C6 = 150 nF polyester 

C7 = 4 to 104 pF film dielectric trimmer 
C8 = 4 to 64 pF film dielectric trimmer 


Ll = 0.5 turn enamelled Cu wire (1.5 mm); int.diam.6 mm; leads 2x6 mm 

L2= 6 turns closely wound enamelled Cu wire (0.7 mm); int.diam.4 mm; 
leads 2x4 mm 

L3 = L4 = ferroxcube choke 

L5 = 3.5 turns enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm 

L6 = 1.5 turns enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm 


Rl = R2= 10 carbon 


Component lay-out for 175 MHz see page 6. 
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APPLICATION INFORMATION (continued) 


Component lay-out and printed circuit board for 175 MHz test circuit. 


7260526 


The circuit and the components are situated on one side of the epoxy fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 
are made by means of hollow rivets. 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY93A 


7260027 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

2,.NEW ROAD, MITCHAM JUNCTION 
SURREY, CR4 4XY. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY94 


Silicon n-p-n planar epitaxial transistor intended for use in class A, Band C opera- 
ted mobile transmitters with a 28V supply. It is designed to withstand severe load 
mismatch conditions. 

The BLY 94 is in a plastic-encapsulated stripline package with all leads isolated from 
the stud. 


ee 


QUICK REFERENCE DATA 


R.F. performance up to Ty = 25°C in an un-neutralised common-emitter 
class B circuit. 


Operation Yeo : *DR Bl ye “p ui 7 “L 
(V) | (MHz) } (W) | (W)] (A dB) | (%) (8) (mA/V) 
>7 


) 4 ¢ 
c.w. 28 | 175 | <10| 50 |<2.75 


>65|0.7+j1.45| 120-570 


OUTLINE AND DIMENSIONS 


H y," 
ie BS le as wle-02 2012 Y, x28 UNF 
be 37.9 —__» All dimensions in mm ozen 


Torque on nut: min. 23 kg cm (2.3 Nm) 
max. 27 kg cm (2.7 Nm) 


Diameter of clearance hole in heatsink: max. 6.5mm 


Note: Do not chamfer the edges of the mounting holes when removing burrs. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vorom max. 65 Vv 
Voro max: 36 Vv 
Viepo Ma: 4.0 Vv 
LeMay) max. 6.0 A 
Tou max: (f >1MHz) 12 A 
Pop max (Ty, < 25°C, f >1MHz) 130 Ww 
Temperature 
ee -65 to +200 ‘- 
T, max. 200 i 


THERMAL CHARACTERISTICS 


1.35 degC/W 
0.2 degC/w 


Rengji-mb) 
Ren (mb-h) 


D2834 


150 


f >1MHz 


iormal operati 
V.S.W.R.< 3 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise stated) 


ViBR)CBO 
Vipr)cEO 


VpR)EBO 


E 


FE 


Collector-base breakdown voltage 
open emitter, I, =100mA 
Collector-emitter breakdown voltage 
open base, In =100mA 

Emitter-base breakdown voltage 
open collector, I, =25mA 


Transient energy 
L=25mH, f=50Hz 
open base 


Vor =1.5V, Rye 332 
Static forward current transfer 
ratio 

T,=1.0A, VaR oV 
Transition frequency 

1,=6.0A, V_.=20V 


Collector capacitance 
T7170, Vop@ sev, f=1.0MHz 


Feedback capacitance 
I, =100mA, Vor =30V 


Collector-stud capacitance 


Mullard 


Min. 


65 


36 


10 


Typ. 


500 


75 


47 


BLY94 


Ss mWs 


120 


130 pF 
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APPLICATION INFORMATION (contd.) 


Component layout on a printed circuit board for 175MHz test circuit 


l" 123mm * 


55mm 


ground plane removed 


Tke underside of the epoxy fibre-glass board is completely metallised and serves 
as earth. 


Earth connections are made by means of hollow rivets. 
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N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR BLY94 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled. 


Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned tothe Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent throughthe post. In this case, advice is available 
from: 


THE SERVICE DEPARTMENT 
MULLARD LIMITED 

2 NEW ROAD, MITCHAM JUNCTION 
SURREY, CR4 4XY. 
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N-P-N SILICON PLANAR 
V.H.F. TRANSISTOR 


For details see data sheet for type BLY85 
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SILICON P-N-P-N BRY39 


PLANAR TRANSISTOR 
For use as a PROGRAMMABLE UNIJUNCTION TRANSISTOR 


The BRY39 is a planar p-n-p-n trigger device ina TO-72 metal envelope, intended 
for use in switching applications such as motor control, oscillators, relay replace- 
ment, timers, pulse shaper, trigger device, etc. 


See also data on BRY39 as a Silicon Controlled Switch and as a Thyristor Tetrode. 


QUICK REFERENCE DATA 


VaaA max. Anode gate to anode voltage 70 Vv 

I, max. Anode current, d.c. (T =85°C) 250 mA 

A case 

7 max, Junction temperature 150 xe! 

I, Peak point current Vo =10V, Rg = 10kQ) <5.0 pA 

Ly Valley point current We =10V, Rg =10kQ) >50 pA 
| ae 


OUTLINE AND DIMENSIONS 


Conforming to B.S, 3934 SO-12A/SB4-3 
J.E.D.E.C. TO-72 


anode 
; 0.48 
max 
Ga t i 
anode gate 
"Ge ue Ss 
cathode gate max 
k 1 
cathode 03102/1 
i 
eae 
max 12.7 min 
All dimensions in mm 03073 


Anode gate connected to case 


*For the application of the BRY39 as a programmable unijunction transistor, cathode 
gate is not used. 


Accessories available: 56246 (distance disc) and 56263 (cooling clip) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Voaa max. Anode gate to anode voltage 
fo} 
= 
I, max. Anode current (d.c.) Th ee 
T. =85 C 
case 
I max. Repetitive peak anode current 
ARM t=10us, d = 0.01 
Thom max, Non-repetitive peak anode current 
t = 10us, T, = 150°C 
di Rate of rise of anode current 
_A up tol, =2.5A 
dt A 
Temperature 
T ste Storage temperature 
a max. Junction temperature 


THERMAL CHARACTERISTICS 


Roos Thermal resistance from junction 
th(j-amb) f fi 
to ambient, in free air 
1 oer Thermal resistance from junction 
th(j-case) 


to case 


ELECTRICAL CHARACTERISTICS (Tom 


b 
Min. Typ. 

® rey ne TOV; R= 10K : 
s *"G 

Vg = 10v, R, = iMag - 

7 eye enV, Re = 10K 50 
S ""G 

Vo = 10V, Rg = IM2 - 
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70 Vv 
175 mA 
250 mA 

2.5 A 

3.0 A 

20 A/us 
oO 

-65 to +200 Cc 

150 ee 


0.45 °C/mw 


0.15 °c/mwW 


= 25°C unless otherwise stated) 


Max. 
5.0 uA 
1.0 uA 
2 pA 
50 pA 
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SILICON P-N-P-N 
PLANAR TRANSISTOR 


ELECTRICAL CHARACTERISTICS (contd. ) 


Practical test circuit 


(1) Remove BCY71 for measurement of L 


BRY39 


(2) The value of R1 depends on the voltage range of the voltmeter used. 


+Vg=40V 
° 


~7- 


7 


100pF 


ds 


Equivalent test circuit 
+V5 


R2 


R1 


BRY39 with "program" 
resistors R1] and R2 


Offset voltage (see graph on page 6) 


V offset . vp oS (I, =) 
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RE 


100kN) eva 


Re Ry. Ro 
R,+R2 


Ri 
Vs2=—— -V 
S* RR, 2 


D3075.1 
Equivalent test circuit 
for characteristics testing 


Vax 05535 


BRY39 Page. 3 


ELECTRICAL CHARACTERISTICS (contd. ) 
Min. Typ. Max. 


I Anode gate to anode leakage current 


GaAO 
=0, V = 70V 2 : 10 nA 


Kk GaA 


Teaao| 


D3077.1 


GakKS 


Van 7% Voax = 7OV : 100 nA 


Vv A Anode voltage 
I Am 100mA - - 1.4 Vv 
v OM Peak output voltage 
Vag = 20V, C = 0. 2uF 6.0 = - Vv 
t Rise time 
Vag = 20V, C = 10nF - - 80 ns 
VaA 
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SILICON P-N-P-N 
PLANAR TRANSISTOR BRY39 


03082 


=== === =se=--————e 
ers aaa typical values [4 
Ip Fr TN Tempe 25°C }-4 
Py amb i: 
(pA) 


[| typical values = 
Vs210V FJ 
4 


0 10 20 Vs (Vv) 30 -50 0 50 Tamp{°C) 100 
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typical values 
Vs=10V 


a os 
PET TPE rrr, 
| | aeeeceae 


i 


ae 
AH 
EEC 


0 10 20 30. VpalV) 40 
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SILICON P-N-P-N BRY39 


PLANAR TRANSISTOR 


For use as a SILICON CONTROLLED SWITCH 


The BRY39 is a silicon planar p-n-p-n switch in a TO-72 metal envelope, intended 
as a driver for numerical indicator tubes and other switching applications. It is an 
integrated pnp-npn transistor pair, with all electrodes accessible. See also data on 
BRY39 as a Thyristor Tetrode and as a Programmable Unijunction Transistor. 


[ QUICK REFERENCE DATA 
Vino Max. emitter-base voltage of the P-N-P transistor 
(open collector) 70 Vv 
Vv Max. collector -base voltage of the N-P-N transistor 
CBO 5 
(open emitter) 70 Vv 
ToRM Max, repetitive peak emitter cavea, 2.5 A 
Ge Max. total dissipation (lake 225°C) 275 mW 
se Max. operating junction temperature 150 °c 
VaK Forward on-state voltage 
= = = < 
I, 50mA, loa 0, Rox 10k2 1.4 Vv 
ty Holding current 
= - = 2.0V, = 10k <1. 
loa 10mA, Van 2.0 Rok 10kQ 1.0 mA 
Turn-on time <0.25 us 
on 
t Turn-off time <5.0 us 


OUTLINE AND DIMENSIONS 


Conforming to B.S, 3934 SO-12A/SB4-3 
J.E.D.E.C, TO-72 


anode 1.16 ' 
a max 
0.48 
Ga max 
anode gate a 
Gk a 
cathode gate 4.8 
max oe 
. a 
cathode 3102/2 
5.3 
max 12.7 min 
All dimensions in mm 03073 


The collector of the n-p-n transistor (anode gate) is connected to the case 
Accessories available: 56246 (distance disc) and 56263 (cooling clip) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
p-n-p n-p-n 
Vv CRO max. (open emitter) -70 70* Vv 
VoER max. (Roe = 10k) * 70% Vv 
Varo max. (open base) -70 - Vv 
Vepo max. (open collector) -70* 5. 0f Vv 
IL max. (d.c.) 175 -175 mA 
ee - 26 
la max. (d. eo) 7 175** mA 
om max. (peak value) - 175¢ mA 
Prot max: (Tyan <25°C) 275 mW 
Temperature 
T, max. 150 °c 
T stg range -65 to +200 e 
THERMAL CHARACTERISTIC 
0.45 °c/mw 


Ren (j-amb) 


*In numerical indicator tube driver circuits higher voltages are allowed, provided 
the collector current does not exceed a d.c. value of 1.0mA, 


fIn numerical indicator tube driver circuits higher voltages are allowed during the 
discharge of a capacitor of a maximum value of 390pF, provided the charge does 
not exceed 50nC. 


**Provided the I_, rating is not exceeded. 
E ig 


During switching on, the device can withstand the discharge of a capacitor of maxi- 
mum value of 500pF. This capacitor is charged when the transistor is in cut-off 
condition, with a collector supply voitage of 160V and aseries resistance of 100k. 
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SILICON P-N-P-N BRY39 


PLANAR TRANSISTOR 


SYMBOLS AND EQUIVALENT CIRCUITS 


P-N-P-N structure and a two transistor equivalent circuit 


A A 
(anode) (€2) 
Ga 
Ga PNP (cpb2) 
(anode gate} transistor 


NPN 
transistor 
(by,¢9) 
K K 
(cathode) (€4) 
03103 
Silicon controlled switch 
ELECTRICAL CHARACTERISTICS — = 25°C unless otherwise stated) 
INDIVIDUAL N-P-N TRANSISTOR Min. Typ. Max. 
oER Collector cut-off current 
Vor = 70V, Ror = 10k2 P - - 100 nA 
Vor = 70V, Ror = 10kQ, T; = 150°C - - 10 
I Emitter cut-off current 
EBO te) 
Ia = 0, Vip = 9 OV, T; = 150°C - 10 
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ELECTRICAL CHARACTERISTICS (Contd. ) 


INDIVIDUAL N-P-N TRANSISTOR 


VoR(sat) 


VEE (sat) 


FE 


Collector -emitter saturation 


voltage 
= 10mA al, 
Io OmA, I, OmA 


Base-emitter saturation 
voltage 


=] =l1, 
la OmA, 1B OmA 
D.C. current gain 
Ta = 10mA, Vor = 2.0V 


Transition frequency 

To = 10mA, Von = 2.0V 
Collector capacitance 
IL, =I, =0, Vop = 20V 


Emitter capacitance 


Ia =I, =0, Vip = 1. 0V 


INDIVIDUAL P-N-P TRANSISTOR 


oR 


TBO 


hep 


Collector cut-off current 
I =0, Vor 
Emitter cut-off current 
Cc 

D.C. current gain 


I; =1.0mA, Vop=9 


COMBINED DEVICE 


VaK 


Forward on-state voltage 


(Rey = 10k2) 
I, =50mA, 1, =0 


A Ga 

fe) 
I =50mA, Toa =0, Users Cc 
I, =1.0mA, loa = 10mA 


Holding current 


G 


Rok = 10k2 


B 


= IOV Ta 150°C 


(e} 
=0, -V.= = 
I, = 9, Vag = 70V, T, = 150°C 


TL, =10mA, -V_. = 2.0V, 
a B 


Min. 


50 


0.25 
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300 


Max. 
500 mV 
900 mV 
= MHz 
5.0 pF 
25 pF 
10 pA 
10 pA 

2.5 
1.4 Vv 
1.9 Vv 
1.2 Vv 
1.6 mA 
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SILICON P-N-P-N BRY39 


PLANAR TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Contd. ) (Tj = 25°C unless otherwise stated) 


Switching times (see also page 7) 


to Turn-on time when switched from 
7 =0. = 4,5V3 =1, <0. 
VoK 0. 5V to Vor V Rak 1, 0k2 0.25 us 
us 
2.7k0 S455 
+12V Vak 
16kQ 
+50V 
tim 
Rokk . 
Vy 
Voak 
time 
Pulse duration increased until DS4s6 
dashed curve disappears 
ta Turn -off time 
= <3. 
Rak J, 0k2 5.0 US 
= 10k2 . <8,0 
Rape 7 a8 5 us 
= 10k = 12 
Rox 10kQ, T; 125°C 
12 
+12V 0 O +50V 
V, 
1ka 16kO. (v) 


time 


mercury O 
wetted 
contact 


Capacitance increased until at C=Copt. 
dashed curve disappears. 


Date? 05458 
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Ry =15k0 


APPLICATION INFORMATION 


Decade ring counter circuit with display (f = 40kHz) 


Operating ambient temperature Tomb =0to 70°C 


ZM1000 


= Pe 
wn w 
+1 - 
> +! 
=) > 
2 oS 
+ + | 
“ 5 
od ov -@ 
oO ra oo su 
> ce uv aw 
o2 ws c2 
oo ra —_a 


The issue of the information contained in this publication does not impiy 
any authority or licence for the utilisation of any patented feature 
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Wt5% except R1:23% 


All resistors 


220ys 
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05544 


SILICON P-N-P-N BRY39 


PLANAR TRANSISTOR 


oS459 D5460 


see page 5 


see page 5 
T 


-100 0 100 200 


05461 05462 


N-P-N transistor N-P-N transistor 
+ + ware 


[Tomb = 25°C 


450 I le. TT : 150 
Slee 
100 ee | 100 


Vouk = 5V-4 
“ 
2V 

50-4 tt el 50 

CoCr 

4 + 
0 0 ! | 

0 50 100 150 0 50 100 150 


I gqimA) T,(°C) 
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Rexx = 10k 
Tomb = 25°C 
typical value 


See 
as a 


Pp TT ee 
| Ae Lend 
7 5 F 
(LA 


| 
a 


Tamb = 25°C 
typical values 


— 
es 


— 


| J 


ne 
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SILICON P-N-P-N 
PLANAR TRANSISTOR 


25 


eri 
XY 
rN H 
i“ N 
] 


200 300 
Voxk(m V) 


WS 
Voxk(¥) 


05466 


i 
-Vep =Oto5V 
Rexx = 10k 
Tamb = 25°C 
typical values 


~Vep =O to5V 


|_| 
worn LI | 


amb = 
typical values | T | 
| |} | 
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os69 


Ig=tmA 

Igg= 5mA 

-Vgpe2V 

Rexx 210kO} | 
| 


-100 0 100 200 ~100 0 100 200 
T (°C) TiC) 
404 - 3089.1 
Zth(j-amb) : 
(°C/W) 
103 
10? 
me { 
10 
A 
105 10-4 103 10°2 10" 1 10 10? 103 104 
tp (s) 
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SILICON P-N-P-N BRY39 


PLANAR TRANSISTOR 


03100 


Tamb? 2 


Hl 
il 
ICT] 


Lael pee 
ti, 
———— es 


eS lols 
wt is 
t 
i 
* 
oy 


SA CN NE GS EN SE La 1 


tp (ms) 10? 
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SILICON P-N-P-N 
PLANAR TRANSISTOR BRY39 


For use as a THYRISTOR TETRODE 


The BRY39 is a planar p-n-p-n device in a TO-72 metal envelope, intended for use 
in switching applications such as relay and lamp drivers, sensing network for 
temperature, etc. 

See also data on BRY39 as a Silicon Controlled Switch and as a Programmable Uni- 
junction Transistor. 


QUICK REFERENCE DATA 


< 85°C) 
case — 


max. (t=10us, Te 150°C) 


OUTLINE AND DIMENSIONS 


Conforming to B.S.3934 SO-12A/SB4-3 
J.E.D.E.C. TO-72 


0.48 
anode max 
rN a 
4.8 Sa 
anode gate max 
at [_e=— 
cathode gate 
cathode 0302 
5.3 
max 12.7 min 
All dimensions in mm 03073 


Anode gate connected to case 


Accessories available: 56246 (distance disc) and 56263 (cooling clip) 
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RATINGS 
Limiting values of operation according to the absolute maximum system. 


Anode to cathode 


Vp= VR max. Continuous voltage 70* Vv 
Vorm =Verm max. Repetitive peak voltage 70° Vv 
‘ad fe iti 7 
Vosm =Veom max. Non -repetitive peak voltage 76 Vv 
I. max. On-state current, d.c. 
Te. oe 25°C 175 mA 
amb — 
T < 85°C 250 mA 
case — 
LoRo max. Repetitive peak on-state 
current, t=10us, d=0,01 2.5 A 
liom max. Non -repetitive peak on-state 
current, t=10us, T,= 150°C 
prior to surge 3.0 A 
dl Rate of rise of on-state current 
“Hq max. after triggering to I, =2.5A 20 A/yus 


Cathode gate to cathode 


Vv max, Reverse peak voltage : 5.0 v 


lox max, Forward peak current 100 mA 


Anode gate to anode 


VoamM Reverse peak voltage 70 Vv 

loam Forward peak current 100 mA 
Temperature 

are Storage temperature -65 to +200 ZC 

Tr, Junction temperature 150 me 


J 
THERMAL CHARACTERISTICS 


Rn(j-amb) Thermal resistance from é 
J junction to ambient in free air 0.45 Cc/mW 
Run(j-case) Thermal resistance from , 
4 junction to case 0.15 C/mW 
*These ratings apply for zero or negative bias on the cathode gate with respect to 
the cathode, and when a resistor R <10k2 is connected between cathode gate and 
cathode. 
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SILICON P-N-P-N BRY39 


PLANAR TRANSISTOR 


ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise stated) 


Anode to cathode Min. Typ. Max. 
Vir On -state voltage 
I. =100mA . = 1.4 Vv 
T 
dv Rate of rise of off-state voltage 
D ‘ : : 
ae that will not trigger any device See note below 
lem Peak reverse current 
Vem = 70V = 1.0 100 nA 
= — 0 ~ = 
Vem 70V, es 150°C 2.0 pA 
tom Peak off-state current 
Yom = 70V - 1.0 100 nA 
= = 0 = os 
Vom = 7OV> Ee ee Cc 2.0 BA 
Ty Holding current 
Roa = 1Oke, Roa a = 220k2 - - 250 A 


Cathode gate to cathode 


Voyr Voltage that will trigger all devices 
V_.=6V 0.5 = - Vv 
D 
loer Current that will trigger all devices 
Vi =6V 1.0 - 7 pA 
D 
Anode gate to anode 
Voat Voltage that will trigger all devices 
V,=6V 1.0 = - Vv 
D 
loat Current that will trigger all devices 
Vp= 6vV, Rok = 10k 100 - . LA 


Switching characteristics 


ton Turn-on time (ton =ty + t) 
Vp=isv. 1. =150mA, Ror = 1Oke - 7 300 ns 
Oe eee a 
DR 7 °T >’ GkK : 


Note: - The dVp/dt is unlimited when the anode gate lead is returned to the anode supply 
voltage through a current limiting resistor. 
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300 D3087 600 rn 7 03088 
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SILICON P-N-P-N 
PLANAR TRANSISTOR 
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SILICON P-N-P-N BRY39 


PLANAR TRANSISTOR 


APPLICATION INFORMATION 


Sensing network 


O 
~12V 3093 


Rg must be chosen in accordance with the light, temperature, or radiation intensity 
to be sensed; its resistance should be of the same order as that of the potentiometer. 


In the arrangement shown, a decrease in resistance of Rg triggers the thyristor, 
closing the relay that activates the warning system. If the positions of Rg and the 
potentiometer are interchanged, an increase in the resistance of Rg will trigger the 
thyristor. 
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N-P-N SILICON PLANAR BSS40 
EPITAXIAL TRANSISTORS BSS44 


Silicon planar epitaxial n-p-n transistors intended for use in driving very high 
speed core or semiconductor memories and for similar applications. 
QUICK REFERENCE DATA 
BSS40 
60 
40 
1.0 


Pot max: (Tap < 25°C) 


tot 
h min. (I, =500mA, Vog=!¥) 25 


FE 
Vor(sat) max. (a =500mA, I= 50mA) 0.5 
f. min. (i, =50mA, Vag 7 1Ov) 200 
=2V, 1, =500mA, Ton) 7 9om™) 35 
=50mA) 45 


Tv 


1 max. (Vercoft) 


max. Qi, =500mA, I 


off Blon)~  B(off) 


Unless otherwise stated data are applicable to both types 


OUTLINE AND DIMENSIONS 


Conforming to BS3934 SO -12A/SB3-6A 
J.E.D.E,C. TO-18 


116 
max 
AN 0.68 
max 
A -——— 
max — 
5.3 : 
max 12.7 min 
All dimensions in mm 03668 


Collector connected to case 


Accessories available: 56246, 56263 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BSS40 BSS41 
Vv CRO max. 60 60 Vv 
Vv CEO max, 40 30 Vv 
Viepo max. 5.0 Vv 
I cM max. 1.0 A 
Tom max, 0. 2 A 
P. max., T < 25°C 360 mW 
tot amb — 
Temperature 
T -65 to +200 % 
stg 4 
T, max. 200 Cc 
J 
THERMAL CHARACTERISTICS 
fe) 
i i 4 
Rin(j Penn (in free air) 80 ee 
Rin(j-case) 150 c/w 
ELECTRICAL CHARACTERISTICS T; =25°C unless otherwise stated) 
Min. Typ. Max. 
Vv Collector -base breakdown voltage 
sBRICED I,=100vA, I, =0 60 d : Vv 
Cc E 
Collector -emitter breakdown voltage 
ViBR)CER Ia 1.0mA, Rog 7208 BSS40 —s- 60 = = Vv 
BSS41 50 = 7 V 
ViBR)CEO Ios 10mA, 1,=0 BSS40 8640 - - Vv 
BSS41 =. 30 . 7 Vv 
Vv Emitter -base breakdown voltage 
(BR)EBO ie ss 7 7 
I, = 100zA, 1,=0 5.0 Vv 
loER cap — es : ; ‘a ri 
CE.’ “BE” : fi 
Vor 740: Rog 7508, nee Cc - - 1.0 mA 
IpRx Base cut-off current 
Vip =4- OV, Vag =40V BSS40 - - 1.0 pA 
Von OV, Vag =30V BSS41 = - 1.0 pA 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 


Min. 
7 1 , 
Vv CE(sat) eens Oma, T,-10mA voltage : 
1, =500mA, 1,7 50mA - 
é eis : 
i ag errs a 
1, =500mA, 1,=50mA - 
hop sa atest is Cae ratio a6 
Cc # GES Far 
1, =500mA, Vop =i Ov 25 
‘r eeeESOmA. V_-=10V, £=100MH2 200 
Cc * “CE : 
ge ae == 
Ee -’ CB , . 
“Te Fane oo v0 5V, f= 1. 0MHz - 
Cc’ ‘EB *’ . 


Switching characteristics (see test circuits on page 4) 


Turn-on time when switched from 
VEE (off) =2V to To =500mA, Taxon)" 50mA 
t Turn ~off time when switched from 


off ~ “ 7 
Ia =500mA, gy to cut -off 


with TR oft) =1.0mA 
with Taff) =50mA 
t Storage time when switched from 


To =500mA, T3(0n) =50mA to cut-off 
with Taft) =50mA 


on. 


*Measured under pulsed conditions ‘ =300us, d=0.01 
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10 


Max. 
0.3 Vv 
0.5 Vv 
1.0 Vv 
1.2 Vv 
= MHz 
10 pF 
50 pF 
35 ns 
250 ns 
45 ns 
- ns 


BSS40-Page 3 


ELECTRICAL CHARACTERISTICS (contd. ) 


Turn-on time test circuit 


+Ven | Yin | Yb 


Vv) | v) | W) 


16.7 | 37.5} 3 
37.5 


Pulse generator 
Pulse duration % > 500ns Fall time t < 5Sns 
Rise time t. < Sns Source impedance Rg = 502 
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BSS40 
BSS41 


N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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BSSZO0 Voge =40V 
BSS41 Vog =30V 


5 


IceR 
(yA) , 


200 


T; (°c) 
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N-P-N SILICON PLANAR BSS40 


EPITAXIAL TRANSISTORS 
BSS41 

60 ' T D4023 

1 of: oe ++ 
<== =e 
fee Saece! 

a a = coe Os 

if 

: d Ree eed A {#—_{-+ 
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st — 
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N-P-N SILICON PLANAR BSS40 
EPITAXIAL TRANSISTORS BSS41 


Typ. curves 
T,=25°C 


f =100 MHz 
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1¢=500 mA 


Eloft}=2 
=25°C 


0 25 IpjonjtmA) 50 


off)=90MA 


0 25 -Ipory(mA) 50 
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N-P-N SILICON PLANAR BSS40 
EPITAXIAL TRANSISTORS BSS41 


T¢=500mA 
Iston)=5OMA 
-lpiort)=50™MA 


20 


ee 
ae 
PTT] 
SEGRE SReeeeeee = 
(CUES aici Le 
-50 0 50 100 150 
Ipcon)(MA) T, (*c) 
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N-P-N SILICON PLANAR BSS50 
DARLINGTON TRANSISTORS BSS51 


BSS52 


Silicon n-p-n planar Darlington transistors for industrial switching applications 
e.g. print hammer, solenoid, relay and lamp driving. Encapsulated in a TO-39 
envelope with the collector connected to the can. 


QUICK REFERENCE DATA 
BSSSO BSSS1 BSS52 
60 80 100 
60 80 
1.0 1.0 


° 
< 
. max. (T amb <25°C) 0.8 0.8 


ot ME: (Tonge £25 ©) ; 5.0 5.0 
min. Me =500mA, Vor =10V) 1500 1500 

max, I, =1.0A, I= 1,OmA) 

max. (I, =1.0A, 1,74. 0mA) 


Cope LPs (Iq =500mA, 


CE(sat) 


=0. 5mA) 


Ton) 'Boft) 
Unless otherwise stated data are applicable to all types 
OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO -3/SB3-3B 


].E.D.E.C. TO-39 Collector connected to the envelope 


e 
All dimensions in mm 015% 


04930 


Max. lead diameter is only guaranteed for 12.7mm from the can. 


Accessories available: 56218, 56245, 56265 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BSSS5O BSSS1 BSS52 
Vero max, 60 80 100 Vv 
*V CR ma: 45 60 80 Vv 
Veno max, 5.0 5.0 5.0 Vv 
In max. 1.0 1.0 1.0 A 
Tom max. (peak value) 2.0 2.0 2.0 A 
I, max. O.1 o.1 0.1 A 
Poe max: Tap 25 C) 0.8 0.8 0.8 w 
T ose* 25°C) 5.0 5.0 5.0 w 
Temperature 
aes range -65 to +200 Ke 
T; max, 200 Cc 
THERMAL CHARACTERISTICS 
Ria b 220 “ort 
Reh(j-case) 35 c/w 
ELECTRICAL CHARACTERISTICS (T,=28°C unless otherwise stated) 
Min. Typ. = Max. 
I CBO ee rs fe; current ae : ; ‘ er 
| CB *"E 
Von 7 OV: 1,70 BSSS1 2 : 50 nA 
Vop =80V, I, 79 BSS52 = - 50 nA 
13R0 bar . panei ; ; de se 
EB e 
hog ppperraiees baste transfer ratio ee ; : 
Cc ’ "CE 
1, =500mA, Vag 7 10V 1500 - i 


*External Ror not to exceed value shown on page 5, 
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N-P-N SILICON PLANAR BSS50 
DARLINGTON TRANSISTORS BSS51 


BSS52 


ELECTRICAL CHARACTERISTICS (Cont'd) 
Min. Typ. Max, 


Vv Collector ~emitter saturation voltage 
noe) Iq =500mA, I, =0. 5mA : é 1.3 Vv 
1, =1.0A, 1,=1.0mA BSS51 - = 1.6 Vv 
1, =1.0A, T,74-0mA BSSSG = = 1.6 Vv 
BSS52 - - 1.6 Vv 
1, =500mA, I, =0.5mA, T, =200°C - - 1.3 Vv 
I,=1.0A, I,=1.0mA, T,=200°C 
$51 = ~ 2.3 Vv 
I,=1.0A, 1,=4.0mA, T,=200°C 
Cc B j 
BSS50 - - 1.6 Vv 
BSS52 - - 1.6 Vv 
Vv Base-emitter saturation voltage 1) 
Be(set) 1g =500mA, 1, =O. 5mA : . 1.9 Vv 
1, =1.0A, 1,7 1-0mA BSS51 - - 2.2 Vv 
1,=1.0A, 1,74. 0mA BSS50 - - 2.2 Vv 
BSS52 - - 2.2 Vv 
Vor Base-emitter voltage 2) 
1, =150mA, Vor = 10V 1.4 1.45 1.55 v 
1, =500mA, Vor = 10V 1.5 1.55 1.65 Vv 
hy, Small signal forward current transfer ratio 
= L,=500mA, V_,.=5.0V, £=35MHz 7.5 10 - 
Cc CE 
Saturated switching times 
Iu =500mA, T3(0n) = “Tyoff) =0.5mA 
t Turn-on time - ~ 400 ns 
on 
Turn-off time - 120 2.0 ps 
off 
I, =1,0A, Ta¢on) = “Ty (oft) =1,0mA 
t Turn-on time * = 400 ns 
on 
t Turn -off time - 1.0 2.0 pus 
off 
Notes: 1) Ver (sat) decreases by about 2.5mV/ °C with increasing temperature. 
2) Vor decreases by about 3.5mV/ °C with increasing temperature. 
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MEASUREMENT OF SATURATED SWITCHING TIMES 
Test circuit for 500mA switching. 


-2.2V +10V 
9kN 180 
wr 
36kN 
oF 
| 6us rf 
sa Ae. 
1p =500MA 
Ip (on}*~!afott)=900 BA 
500 
‘7, La 
DH020/a 
Switching waveforms 
= —L—s0% 
Input 
10% — F — 


Output 


90% — | — 


4 
| 06020/b 
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BSS50 
BSS51 
BSS52 


05294 


N-P-N SILICON PLANAR 
DARLINGTON TRANSISTORS 


J, for thermal stability 


BEYS 


i 


iN 


|__| 
|_| 
| 

Z 


Maximum external R 
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1 (°C) 


100 150 


Mullard 


50 


04084 


# 


ae 


aa 
IN TTT 


- Zenitor!d*Zrnitos 


=IRenist 


Renig) 7 Steady State thermal resistance, d=1. 


Transient thermal impedance,d=0. 


Zenito} 


Pulse duration tls) 


Mullard 


BSS30 Page 6 


N-P-N SILICON PLANAR 
DARLINGTON TRANSISTORS 


06027 


7 
5 TH r 
Ne | | [| =35MHz 
Vcoe2 SV 
2 cE } 
100 
i t 
5 ir 
L | 
; MRT 
10 | 
- 
5 4. 
T t r 
Jd 
2 4 + +4 
1 
0 2 5 7 
= ” wy teen 10 100 IgtmA) 1000 


TCC) 
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: 2 
5 
Typical curv 


Vee (sat)!V) 


VBE (sat 
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ymin. N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BSV52R 


Silicon n-p-n planar epitaxial transistor in a microminiature plastic envelope, int- 
ended for high-speed switching in thin and thick film circuits. 


QUICK REFERENCE DATA 
Vv max. 20 


CBO ¥ 
Vorg ™eX 20 Vv 
Vero max, 12 Vv 
Toy AX , 200 mA 
Pi. max. (T= 25 C) 200 mW 
- max. 150 °C 
hy ‘c =10mA, V,_ = 1V 40-120 
I, = 50mA, Vag = IV min. 25 
fat I, = 10mA, V.,, = 10, 
f = 1OOMHz min. 400 MHz 


max. at IQs B(on)" “Theotty= 10mA 


OUTLINE AND DIMENSIONS 29 max 


fears 1.9 =] 
ae le 0.95 
- ] 4 
0S b l e 
| i i ! 
| 13° 25 
max max 
SS ain | 


max max Identification 
1.2 code:B4=BSV52R 
max 5710 


All dimensions in millimetres 
Plan view from above 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 

Vero max. 

Vors max. 

Varo max. Cre = 10mA) 

Vepo max. 

I max. 

Cc x 

loam max. F 

max. T =25°C, mounted on a ceramic 
tot amb 
substrate of 7 x 5 x 0.5mm 

Temperature 

Tete 

T max. 


THERMAL CHARACTERISTICS 


Rend 


Thermal resistance between junction 
and ambient, the device mounted on 
a ceramic substrate of 7 x 5 x 0.5mm 


amb) 


20 
20 
12 

5.0 

100 

200 


Se a eee 3 


200 mW 


-65 to +150 
150 


QA 


0.62 °C/mw 


ELECTRICAL CHARACTERISTICS T; = 25°C unless otherwise stated) 


‘GBO 


VoR(sat) 


VeH(sat) 


FE 


Min, 
Collector cut-off current 
Ip =0, Vor = 10V 2 4 
I, £9, Vp = 10V, T, = 125°C = 


Collector -emitter saturation voltage 
I, = 10mA, I, = 0. 3mA = 
To = 10mA, Ih =1.0mA - 
Ia = 50mA, T, = 5. 0mA - 


Base-emitter saturation voltage 
Io = 10mA, Ih = 1.0mA 700 


1, =50mA, T, = 5-0mA = 


Static forward current transfer ratio 


=i. =1. 2 
In 1.0mA, Vor 1.0V 5 
= =1, 4 
Ta 10mA, Vor 1.0V 0 
= =1, 2 
To 50mA, Vor 1. 0V 5 
Transition frequency 
Ia = 10mA, Vor =10V, f= 100MHz 400 
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Typ. Max. 
- 100 nA 
z 5.0 pA 
- 300 mV 
fe 250 mV 
= 400 mV 
- 850 mV 
- 1.2 v 
- 120 

500 = MHz 
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min. N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BSV52R 


ELECTRICAL CHARACTERISTICS (contd. ) 
Min. Typ. Max. 


Cc Collector capacitance 
I, =T, =0, Vor =5.0V, 


f = 1.0MHz = s 4.0 pF 


Cc Emitter capacitance 
la a =0, Vip =1.0V, 


f = 1.0MHz = x 4.5 pF 


SWITCHING CHARACTERISTICS 


ty Storage time de = Ta(on) > “Totty 


= 10mA) - - 13 ns 


Test circuit and waveforms 


+10V 


Voltage 
Vep=11V at point 
A 

Pulse generator: Oscilloscope: 
Z5=500 Zin = 500. 
tr <1.0ns tr <1.0ns 
tp >300ns 
d <0.02 D5725 
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SWITCHING CHARACTERISTICS (contd. ) 


Min. Typ. 


t Turn-on time when switched from 
- Vip = 1-5V tol, = 10mA, 


BE 
i" = 3mA, Ve = 3V, Vin bv - - 
t Turn -off time when switched from 


ate I, = 10mA, I, = 3mA, to cut-off with 


Cc 
Toff) =1.5mA, V,, = 12V, VT bv 


BB 


Test circuit and waveforms 


Pulse generator: Oscilloscope: 
Zs = 500 Zin = 500 

ty, < 1.0ns t, <1.0ns 
tp > 300ns 

d < 0.02 
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Max. 
12 ns 
18 ns 


05726 
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ymin. N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BSV52R 


se SH =a - 

Sat == 

2 = #4 
: 


50 —— eS  — ee cat Be ie a 
PH es 
ace Sere aoe —o ee t+ 
memash se =e BLE 
9% eee ooeee 
10 (mA) 700 
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i 
rt 
rl 
, 
jl 
, 
4 
a 
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pmin. N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BSV52R 


a 


LY] 
a 


a8 
bap Pa ues, HH 


aut 


0 100 Tc(mA) 1000 


oe ce 
= HHH EJ Coot 
Ser ese 
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Ic 

=1 

Ip CE 
ann 


| | | Itypical values 


BE (sat )} ++} 


V, 


100 Tj (°C) 


ory 


E 


MHz 
5°C 


=] 


w 
a 
2 
i=] 
+o 
_N 
oH 
‘a 
cal 
eS 


100 T(°C) 150 


50 
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| _N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BSV64 


N-P-N silicon planar epitaxial transistor, with good high current saturation charac- 
teristics, primarily intended for use as a print hammer drive. 


QUICK REFERENCE DATA 


* 100 
Voro max Vv 
‘ 60 
Varo max Vv 
5.0 
lom max A 
P| max. (T < 50°C) 5.0 Ww 
tot case— 
in. =2, =2.0V 40 
hog min Q, 2.0A, Vor ) 
‘ =0. =5.0V, 
fp typ (,=0-5A, Va Vv 
f=35MHz, T _, =25°C) 100 MHz 
amb 
max. (1,=5.0A, I =0.5A) 1.2 us 


Cc Boon) {B(off) 


OUTLINE AND DIMENSIONS 
Conforms to B.S. 3934 SO-3/SB3-3A 
J.E.D.E.C, TO-39 


6.6 
max 
12.7 
min 
Alt dimensions in mm D157% 


Collector connected to case 


The maximum lead diameter is guaranteed only for 12.7mm. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


ax. < 502 
max (Rp <5 ) 


Temperature 


ae 


T, max. 
J 


THERMAL CHARACTERISTIC 


Rinij-case) mar 


-55 to +175 
+175 


25 


ELECTRICAL CHARACTERISTICS (at T= 25°C unless otherwise stated) 


Vox (saty 


VBE (sat) 


Te 


Collector cut-off current 
Voy 80V; 1,70 
Emitter cut-off current 


Vip 4:0V> 1,0 


Static forward current transfer ratio 


Ty=2.0A, Vop 2-0V 


Collector-emitter saturation voltage 


1,=5. =0. 
o75-0A, 1,=0.54 


Base-emitter saturation voltage 


1,=5.0A, 1,70.5A 
Collector capacitance 


Vap lov: I 


=] =0, f=1.0MHz 
e 
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Typ. 


a Oo = So 


Vv 
Vv 
Vv 
Vv 
A 
A 
A 
0 Ww 

oO 
fo) 

(0) 
degC/W 

Max 

10 UA 
10 uA 
1.0 Vv 
1.8 Vv 
80 pF 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BSV64 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. Typ. Max. 
fp Transition frequency 
1, =0.5A, Vag 5-OV, f=35MHz, 
T | =25°C - 100 - MHz 
amb 
Saturated switching times 
=5.0A, ==] =0.5A, 
Io ee 13 (on) B(off) ae 
BE(off) ze0y 
t Turn-on time - - 0.6 us 
on 
Turn-off ti - - 1. 
tore urn-off time 2 pS 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly intothe circuit, 
but heat conducted to the junction should, if possible, be kept to a minimum by the 
use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for a maximum 
soldering time of 5 seconds. The case temperature during soldering must not at 
any time exceed the maximum storage temperature. These recommendations 
apply to a transistor mounted flush on a board having punched-through holes, or 
spaced at least 1.5mm above a board having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the seal. 


4. If devices are stored at temperatures above 100°C before incorporation into equip- 
ment, some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the leads 
should be retinned using a suitable activated flux. 
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DERATING AGAINST MOUNTING-BASE TEMPERATURE 


The maximum permissible power for selected pulse widths and/or mounting-base 
temperature can be obtained from the graphs on pages 5,6 and 7, where the Pmax 
value for Tmb <50°C is calculated from the line of constant power (i.e. that part 
of the curve which has a slope of -1), on the relevant 7S versus Vor curve. 


For mounting-base temperatures in excess of 50°C, the constant power line BC in 
figures 2A and 2B is reduced to the % of Pmax as read from the % Pmax versus 
Timb graph on page 5. The safe operating area for thehigher temperature is defined 
either by the points A B' D' D E in figure 2A, or by the points A B' D' E in figure 
2B. The second-breakdown power line is only modified by the intersection point D’ 
and is not adjusted against temperature in any other way. . 


figure 2A 


tog scale 
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figure 2B 


tog scale 
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BSV64 


N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 


20 VpelV) 


Mullard 


BSV64 Page 5 


CAAA NUNS 
NAAN 


YIPIM 2S ]Nd_ 
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BSV64 


N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 


10-0 
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VcelV) 


60 


aoe 


50 


40 


1 


A A 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR BSV64 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR BSV68 


Silicon planar epitaxial transistor intended for anode switching in dynamically driven 
numerical indicator tubes. 


QUICK REFERENCE DATA 


Vopr max: (Rap = 10k2) 110 Vv 
Vero max. 100 Vv 
Tow max. 100 mA 

Prot MAX: (Tay S 25°C) 250 mW 

T, max. 150 °c 

hog min. (-I,=25mA, -V_,,=5V) 30 

fp typ. (-I,=25mA, -V,,=5V, f= 35MHz) 95 MHz 


OUTLINE AND DIMENSIONS 


Conforms to B.S. 3934 SO-12A/SB3-6A 
J.E.D.E.C. TO-18 


Millimetres 
Min. Typ. Max. 
= fo 4.8 


zoQo7mnrweoawe PY 
1 
1 
° 
» 
oo 


Viewed from underside 
Connections: 1. Emitter 
2. Base 


3. Collector connected to envelope 
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RATINGS. 


Limiting values of operation according to the absolute maximum system. 


Electrical 
-Vono max: CIg=10HA) 110 Vv 
= 2. 1T.= =1 * 
VorR max. ( IQ 10uA, Ror 0kQ) 110 Vv 
ice “(ts 1 
Vogo max: CI, =100uA) 00 Vv 
~Veno max. Cl, =10uA) 6.0 Vv 
Ih max. 100 mA 
“Tyg MAX 100+ mA 
Tom max. 100 mA 
fe) 
Pas max. (Tomb <25°C) 250 mW 
Temperature 
T -65 to +150 °¢ 
stg 
: ° 
# max. 150 Cc 


THERMAL CHARACTERISTIC 


Ren ¢j-amb) 0.5 degC/mW 


ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise stated) 


Min. Typ. Max. 
-I Collector-base cut-off current 
eRe I,=0, -V_.,=100V, T.=70°C - 7 10 A 
E’ CB rey zi 
lopr Collector-emitter cut-off current 
Vopr lov, Rpg 10k2 - - 10 pA 
-I Emitter-base cut-off current 
EBO 
=0,- = ~ - 10 A 
10, "Vier OF m7 


*The transistor may be operated in the breakdown region, provided the collector 


current does not exceed 10uA at T =70°C. 
amb 


It can withstand an inductive load of 4mH in series with a resistance of 4k, com- 
bined with a collector current of 25mA before switching-off. 


+The transistor can withstand a capacitive load of 100pF, combined with a collector 
voltage equal to ~Vorr before switching-on. 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR BSV68 


ELECTRICAL CHARACTERISTICS (contd.) 
Min. Typ. Max. 


Collector-emitter saturation voltage 


-V 
t 
CE(eat -1,=25mA, -1,,=2-5mA = = 250 mv 


B 


Base-emitter saturation voltage 


“1, 25mA, “1,72.5mA 7 = 900 mV 


“VaR (sat) 


Static forward current 
transfer ratio 
-I,=10mA, -V 
c m. 


h 
FE 
agree 30 = ~ 


-1,=25mA, -V 5V 30 = - 


CE. 
Cc Collector capacitance 


Te 
T7179: “Vope lov, f= MHz = a 5.0 pF 


f Transition frequency 
“I, =25mA, “Vopr 5V, 


f{=35MHz 50 95 - MHz 
02070 


15 


0 10 -Veg lV) 20 
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0207! 


100 
+ i = 
| 
NFE Woes 5V TWH 
7,=25°C! | typ | 
mH 
18 Coot 4 
Tr | 
+ : a | TT 
1 { Ly i 
50 + 
+ TH Slt 
ud 
ee ae H spot EH 
a ae Hod 
114 ty} 4 
25 esi cry 
al BEC Sas es eae 
| i i 
tH} fant apt tt 
} tt H 
at pte 
10° 107 1 10. -I¢ (mA) 10? 
100 12072 
_ ml do aig 
fr | of T ++ + tit} 
: + 


J _ aie + i 2 ae <1 ; Stee 
}+ 


om Ht t 
Ht 


Os 
10 1 10 Tg (mA) 407 
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N-Ci 
FIEL 


| 


BSV68 


P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 


tT TT | NT 
ttt | TINT Te 
Het fT I 


1 ee ee 
PEE ttt Vides | 
Se ee Ne 


10 A 0 0 


BA em 616 GR 1008 DR 1 100 GC 


] 

- 
_ 
OUTL 
All dim 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vp S max, Drain-source voltage 40 Vv 
Vp Go max. Drain-gate voltage (open source) 40 Vv 
~Vaso max. Gate-source voltage (open drain) 40 Vv 
I G max. Forward gate current 50 mA 
moceh ii oO 
tee max. Total power dissipation, Tomb < 25°C 350 mW 
Temperature 
Tee Storage temperature ~65 to +200 8 
ae max. Junction temperature 175 °c 


THERMAL CHARACTERISTICS 


Thermal resistance from junction 


Ri. 
th(j-amb) to ambient in free air 0.43 degC/mW 
g' 


ELECTRICAL CHARACTERISTICS (T= 25° unless otherwise stated) 


Min. Typ. Max. 
= og: estate 
Gs > “Ds : n 
Pes = = = oO = a 
Vag720V> Vig= 0, T, 150°C . 0.5 vA 
Ih Drain cut-off current 
Viggs toy =¥gg@ eV - - 0.25 nA 
= es = = to) - - 
Vos 15V, Vas 12V, T, 150°C 0.5 HA 
‘pss ee aad Vig=9 BSV78 50 = - A 
DS » “Gs is 
BSV79 20 - at mA 
BSV80 10 = = mA 
~Vipyas Gate-source cut-off voltage 
T,=1na, Vog7 SV BSV78 3.75 = 11 Vv 
BSV79 2.0 - 7.0 Vv 
BSV80 £0 = 5.0 Vv 
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N-CHANNEL SILICON BSV78 
FIELD-EFFECT TRANSISTORS BSV79 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. Typ. Max. 
Vos eet ee BSV78 7 3.5 - 10 Vv 
D . * "DS . 
BSV79 1.75 - 6.0 Vv 
BSV80 6.75 - 4.0 Vv 
in- ‘on' vol 
“ps(on) ope 20mA. Vv, 6. BSV78 : 7 500 mV 
1,=10mA, Vas7? BSV79 - - 400 mV 
1, =5mA, Vas 9 BSV80 = - 325 mV 
“By ec age, elie BOTS 
ie one Coe 
BSV79 - - 40 
BSV80 - - 60 
y-parameters at {= 1MHz (common source) 
“Vas 10V, Ving=9 

is Input capacitance - - 10 pF 
=O os Feedback capacitance - - 5 pF 


Switching characteristics (see test circuit on page 4) 


Turn-on time when switched from: 


< = = =1 
Vasm 11V to Ib 20mA, Yop OV (BSV78) 
= = = = 
Vosm= 7V to Lp=10ma, V)=10V (BSV79) 
~Vasm= 5V to 1) =5mA, Vop* 10V (BSV80) 
BSV78 BSV79 BSV80 
f Delay time max. 5.0 10 8.0 ns 
t Rise time max. 5.0 5.0 7.0 ns 
on , Turn-on time max. 10 15 15 ns 
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Switching characteristics (contd.) 


Turn-off time when switched from: 


1° 20mA to -V 
1° 10mA to -V 
L= to - 

D 5mA to -V 


t Fall time 

t Storage time 
t - 7 
off Turn-off time 


Test circuit: 


Re = ae Vpsion) 


H Th (on) 


Pulse generator: 


R, = 502 
t. < 0.5ns 
r 

te < 5ns 


GSM 
GSM 
GSM 


- 512 R, = 424 909 


=11 om 

11V, Vp = 10V (BSV78) 
=1V, Vp, = 10V (BSV79) 
=5V, Vp ,=10V (BSV80) 


BSV78 BSV79 BSV80 


6.0 10 20 ns 
4.0 5.0 5.0 ns 
10 15 25 ns 


Input and output waveforms: 


TI 


02874 


BSV78 | BSV79 ;} BSV80 


1885 Q 
L 


Oscilloscope: 
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N-CHANNEL SILICON BSV78 
FIELD-EFFECT TRANSISTORS BSV79 


02875 


13 
* Se 
+ = a + ar ~—Jtypical curves 
0S : ~ yj 
(0) c f -{ 1. = ; Ms 
: +- 
10"? | = : 
| | 
BSV 78 
10 BSV79 
SV80 
| i 
10” 
10° 
10° 
10’ 
108 
105 = 
10% 


Q Ves (V) 5 


Mullard 


BSV78- Page 5 


= 


SASS 


100 02877 
typical characteristics BSV79 
Ip under pulse conditions 
Tj=25°C 
(mA) t } J ab 
i Ves =0V | 
. [ -0.5V i 
| | cea oy et 
mt -1V 
| 
50 — -15V+—+— 
|_| Vps=15V { 
-2V 
+ f 
t +2.5V] T 
25 +—+ 
~3V 
T | -3.5V 
+ 
| m4V 
0 
“5 Veg (V} -2.5 0 5 10 15. Vps{V} 20 
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N-CHANNEL SILICON BSV78 
FIELD-EFFECT TRANSISTORS BSV79 


eve 
a ET 


ical characteristics 


Ves (VO 10 20. Vpg (V) 30 
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N-CHANNEL INSULATED GATE BSV8I 
FIELD EFFECT TRANSISTOR 


Depletion type, insulated gate, field effect transistor in a TO-72 metal envelope, 
with the substrate connected to thecase. It is intended for chopper and other special 
switching applications e.g. timing circuits, multiplex circuits etc. 

The BSV81 features a very low drain-source 'on' resistance, a very high drain- 
source 'off' resistance and low feedback capacitances. 


QUICK REFERENCE DATA 
max, Ws 0, Ves" 5V, 


Vg 0) f= 1kHz) 50 Q 


™Ds(on) 


in. =10V, - =5V, = 
TD s(oft) min M55 10V Vas 5V Vas 0) 10 GQ 
“CL, max. (Vag =8V, Vong"? : 

1* . f=1MHz) 0.5 pF 


-C_, max. (“Van 75V> Von* 


1,70, £=1MHz) 


rd 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO-12A/SB4-3 
J.E,D.E.C, TO-72 


Millimetres 
Min. Nom. Max, 
A 4.53 - 4.8 
B 4.66 - 5.33 
cl od = 0.51 
C2 12.7 - - 
C3 12.7 - 15 
D1 - ra 1.01 
D2 0.41 - 0.48 
D3 - - 0.53 
: a E 0.84 - 1.17 
Pies 45° F 0.92 - 1.16 
G - 2.54 
H 5.31 - 5.84 
Viewed from underside Connections 
1. Drain 3. Gate 
2. Source 4. Substrate connected 


to envelope 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Temperature 


T stg 
a max. 


THERMAL CHARACTERISTIC 


Ring -amb) 


Drain-substrate voltage 


Source-substrate voltage 


Gate-substrate voltage (continuous) 


Repetitive peak gate voltage 
(gate to all other terminals) 


SB 


Vv 


V. 


pp”? f>100Hz 


30 
30 
10 


15 


Non-repetitive peak gate voltage 


(gate to all other terminals) 


Yop 


Vor =0, t<10ms 


Peak drain current 
t. =20ms, d=0.1 


Peak source current 
t= 20ms, d=0.1 


Total power dissipation 


T 


amb 


<25°C 


Storage temperature 


Junction temperature 


50 


50 


50 


200 


~65 to +125 
125 


Thermal resistance, junction to 
ambient, in free air 


0.5 


ELECTRICAL CHARACTERISTICS (r,= 28°C unless otherwise stated) 


osx re pee pre Seer 
DS : GS 5 
Vos" 10V, Vas" 5V, 7 =125 °C 
loox ae a. pide =0 
sD ; GD a 
Von =10V, Voap=5V: T, =125 C 
Gate current, Vps=9 
ess Wag te Vinge 
lass Nag Ae S pa’ P 
-lags “Vgg= LV, Vps79 eee 
loss Vagn lev, Vos eee Cc 
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Min. 


Vv 

Vv 

Vv 

Vv 

Vv 

mA 

mA 

mW 

°c 

°c 

degC/mW 
Max. 

1.0 nA 

1.0 pA 

1.0 nA 

1.0 pA 

10 pA 

10 pA 

200 pA 

200 pA 
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N-CHANNEL INSULATED GATE 
FIELD EFFECT TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 


“spo 
“bso 


"Ds(on) 


Substrate current, Vas =0 


Vep* 30V, I= 0 


Vis" 30V, l= 0 
Drain-source 'on' resistance 
at f=1kHz, Vpg=0 

Vag=0, Vi,=0 


V.=0, V.,=0, T,=125"C 


Drain-source 'off' resistance 
Vas" 5V, Vos" 10V, Vis 0 
Feedback capacitance at f=1MHz 


“Vggr SV, Vos* 1,79 


“Van 5V; Von = 9: r,7? 
Gate to all other terminals 
capacitance at f=1MHz 


“Vig t5V, Vop=VYpp™ 


GB : 


OPERATING NOTE 


Mounting and handling instructions 


Min. 


10 


BSV8I 


Max. 

10 pA 
10 pA 

100 

150 

50 
- GQ 
0.5 pF 
1.2 pF 
5.0 pF 


To exclude the possibility of damage to the gate oxide layer by an electrostatic 
charge building up on the high resistance gate electrode, the device is fitted with a 
conductive rubber ring around the leads. This ring should not be removed until 


after the device has been mounted in the circuit. 
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CONS AA 
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A 
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N-CHANNEL INSULATED GATE BSV8I 


FIELD EFFECT TRANSISTOR 


01203 
st 
=F 
—* 
= = 


5 Ves! ¥) 10 


| 


~— 
= 


= 


Mullard 


BSV81 Page 5 


D1204 


PTT TAIN TN 
Pt tT TA NE TT 


Mullard 


BSV81 Page 6 


N-P-N SILICON PLANAR BSW66 
EPITAXIAL TRANSISTORS BSW67 


BSW68 


N-P-N silicon planar epitaxial transistors intended for highly inductive 
load switching. 


QUICK REFERENCE DATA 
BSW66 BSW67 BSW68 
max. 100 120 150 


VoBo 


Voro 
Iom max. 2.0 


max, 100 120 150 


PP. max. T =100°C 
tot case 


T =45°C 
amb 

E max., L=150mH 
qT max. 

=5V, I, =10mA 

= 5V, I, = 500mA 
Vor(sat) max., c =500mA, 1,7 50mA 400 400 
fp typ., Vop™ 20V; -1,=100mA, f=35MHz 80 


Unless otherwise stated data is applicable to all types 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO-3/SB3-3A 


Collector connected to case 
J.E.D.E.C. TO-39 One 


: 12.7 
min 


All dimensions in mm D157 


Max. lead diameter is only guaranteed for 12.7mm 


Accessories available:- 56218, 56245, 56265 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BSW66 BSW67 BSW68 
i 1 1 
VoBo max 00 20 50 Vv 
a 1 1 1 
Voro max 00 20 50 Vv 
VeRo max. 6.0 Vv 
. = ds; A 
Tocav) max (ty 20ms) 0 
lom max. 2.0 A 
P max. T 25°C 5.0 WwW 
tot case 
Te 825°C 0.8 WwW 
amb 
E max. (switch-off energy, 
L=150mH) 5.0 mWs 
Temperature 
T__ range -65 to +200 °C 
stg 
T, max. 200 86 
THERMAL CHARACTERISTICS 
RenG-amb) In free air 220 degC /W 
2 
Rin (j-case) 35 degC/W 
ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise stated) 
Min. Typ. Max. 
lopo Collector cut-off current 
Vop 7 V2Vono max. 1,=0 - - 100 nA 
Vop7/2Vopo max. 1,79, 
T, = 150°C - - 50 HA 
Vos Yoro max 1,70 - - 100 pA 
I Emitter cut-off current 
EBO 
Vv earn et - - 100 
EB 3.0V, I, 0 0 nA 
Ven (OVE 7 - 100 uA 
Vv -emitter | 
(BR)CEO eCllecer emitter breakdown 
voltage 
I, =100mA, 157 0 BSW66 100 = = Vv 
BSW67 120 - = V 
BSW68 150 - = Vv 
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N-P-N SILICON PLANAR BSW66 
EPITAXIAL TRANSISTORS BSW67 


ELECTRICAL CHARACTERISTICS (contd.) 
Min. Typ. Max. 


: we ‘ ; 
Vorisat) Perea emitter saturation 
=} =1 = = 
iy 00mA, Ip OmA 150 mV 
I, =500mA, I, =50mA 
BSW66 - - 400 mV 
BSW67 - - 400 mV 
BSW68 - 7 500 mV 
=1, = - - , 
IQ =1.0A, 1,=150mA 1.0 V 
Vv -emitt i 
BE(sat) oa emitter saturation 
ge 
1,=100mA, 1,7 10mA - - 0.9 Vv 
1, =500mA, 1,7 50mA - - 1.1 Vv 
I,=1.0A, 1,7 150mA - - 1.2 vV 
h Static forward current 
FE : 
transfer ratio 
T=1 = 65, 0 = - 
Cc OmA, V CE 5.0V 3 
=1 =5, = - 
I, 00mA, Vor 5.0V 40 
1,7 500mA, Vop7 5-0 30 - - 
=1.0A, =5, 1 = = 
Ty 1.0A Vor 5.0V 5 
fh Transition frequency 
~1,,=100mA, Vop@20V, f=35MHz - 80 - MHz 
Cre Collector capacitance 
Von lov, I,=1,=0, 
f=1.0MHz - - 35 pF 
Cor Emitter capacitance 
. Vin 0, L,=1 =0 
EB ’ CC c ~’ 
f=1,0MHz = a 650 pF 


Switching characteristics (see test circuits on page 4) 


‘on : meer =50mA, -V =4y 0.5 < us 
Cc > “Bon >“ BEoff . 

tore atin time : - 
ae 500mA, Ipon = Torr” 50mA - 1.0 - US 
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ELECTRICAL CHARACTERISTICS (cont'd) 
Test circuit for switching characteristics 


89787 


Test circuit for switch-off energy 


B9785 
f <10Hz 4 
i L=1Hmax 
0.4 to 1k 
Ty 39762 
ot 
T 2 
+ 
+ ++ +4 
4 iff 
++ t + 
+ rea t 
P= 
Corr 
Cece 
+ 
0 50 100 50 Tgmb (°C) 200 
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BSW 66 
BSW67 
BSW68 


N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


fost 


002 (Do) 


2AIN2 XD 
aaana ‘dA 


xDW Og. jo} 
089,89 


ASL=A > 89MSE 
A09="A -29MSE 
A0S=9A -99 MSE 


BSW66-Page 5 


Mullard 


100 


BSWE6 to 68. F789766 
NE f : Voe= BV 
j-2'co 
80 a 
; oe TYP. curve 
f = t———= Ming Max 
+ |. curves 
60 | +t 
t ! 23 
40 : 
= : 
20 
%; 10 
100 1000 7. (mA) 
BSW66 to 68 B9767 
I 
(mA) 
1000 
+4 
100 ‘er 
7 = 25°C 
T 
— lyp. curve 
il--— Ming Max 
curves 
10 
1 
001 ry 10 100 Ip (mA) 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


Eee J 
Coot 


20 Vos 


400 


300 


200 


Vy "30 0 
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-—+ {839770 


| | 


BSW6E6 to 68 


100 


= 
ea 
Pt WTA TTT 


MTT TS 


=. 
o 


liget 
=_= 


0 
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SILICON N-P-N PLANAR BSXI9 
EPITAXIAL TRANSISTORS BSX20 


The BSX19 and BSX20 are n-p-n silicon planar epitaxial transistors, 
primarily intended for high-speed saturated switching and high frequency 
amplifier applications. TO~18 construction, collector connected to 
envelope. 


Unless otherwise shown data is applicable to both types 


QUICK REFERENCE DATA 


BSX19 BSX20 
40 
40 
15 
500 
=25°C) 360 
tot b 
T; max. 200 
= =1. i —-12 
hog Gg 7t0mA, Vog 1.0V) 20-60 40-120 
(,=100mA, Vog 72: 0V) >10 >20 
fp min. (,=10mA, Vog = 10V) 400 500 Mc/s 
t. max. €g =Tp =~ Ly LOMA) 10 13 ns 
OUTLINE AND DIMENSIONS 


Conforming to J.E.D.E.C. TO-18 
V.A.S.C.A. SO-12A/SB3-6A 


[2 Z| — Millimetres 


max. (T 
am 


Min. Nom, Max, 
A = - 4.8 
B - - 5.33 
Cc 12,7 - - 
D - 0.43 - 
E - 1.0 - 
F - 1.05 - 
G = 2,54 - 
H 5.3 5.55 5.8 


Connections 1. Emitter 
2, Base 
3. Collector connected to envelope 
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RATINGS 


Limiting values of operation according to the absolute maximum system, 


Electrical 
VosBo max, q, =0) 40 Vv 
Vors max. Vor =0) 40 Vv 
Voro max, a, =9, 1,=10mA) 15 Vv 
VERO max, @,=9) 4.5 Vv 
Iom max, (t=10ps) P 500 mA 
Prot max, (T nb 2° C) 360 mW 
Temperature 
T. min. -65 °c 
stg 
max. 200 ° 
stg 
T. max, 200 2 


THERMAL CHARACTERISTICS 
0.48 deg C/mW 
0.15 deg C/mW 


9)_amb 


93_-case 


ELECTRICAL CHARACTERISTICS (T; =25°C unless otherwise stated) 
Min. Typ. Max. 


I CBO Collector cut-off current 

Vop=20V, 1,70 - - 400* nA 

Vp 720V, 1,=0, T,=150°C - - 30 yA 
I CES Collector-emitter cut-off current 

Vo =15V, Vip 7 0 T,=55°C - - 0.4 pA 

Vog740V, Van =0 = - 1.0 pA 
Ibs oO Emitter cut-off current 

Viep 7 45V> 1,=0 - - 10 pA 
TREx Base-emitter cut-off current 

Vor pres Var =-3,0V, 

z =55 C . ~ - -0.6 pA 
I CEX Collector-emitter cut-off current 

Veg =15V, Va, 778.0, 

Ae 5c - = 0.6 pA 
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SILICON N-P-N PLANAR 


EPITAXIAL TRANSISTORS 


Voro(sust) 


VoER(sust) 


Vox (sat) 


Ver (sat) 


BE 


FE 


Min. 
Base current 
=e = * 
T_7710mA, Von =0 BSX19 167 
BSX20 83* 
Collector~emitter 
sustaining voltage 
=1 = * 
In OmA, i 0 15 
1,=10mA, Rug 7108 20 
Collector-emitter 
saturation voltage 
1,=10mA, 1, =1.0mA - 
1,=l0mA, 1, 70.6mA BSX19 - 
1,=10mA, 1, =0.3mA BSX20 - 
= =] - 
Iu 100mA, I OmA 
Base-emitter saturation 
voltage 
= = * 
I, 10mA, l 1.0mA 0.70 
1,=100mA, 1,7 10mA - 
Base-emitter voltage 
Vp 720; Ig =30pnA, 
Te 100°C 0.35 
Static forward current 
transfer ratio 
1,=10mA, Vog 71 OV BSX19 20 
BSX20 40 
1,=10mA, Vag t-OV, BSX19 10 
pa 55°C BSX20 20 
= =2, x1 10 
I, 100mA, Vor 2.0V BSX19 
BSX20 20 
Transition frequency 
1, 710m, Vag 7 lov BSX19 400 
BSX20 500 


2 
) 
<q<<4<4<4 


0. 85* V 


i 
o 
< 


~ Me/s 
Mc/s 


*These are the characteristics which are recommended for acceptance 
testing purposes. 
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Min. Typ. Max, 


c te Collector capacitance 

Voz =5.0V, I, =I, =0, 

f=1.0Mc/s - - 4.0 pF 
ce te Emitter capacitance 


Vep@i- OV, 1-9 


f=1.0Mc/s - - 4.5 pF 
Switching characteristics 


os Turn-on time (see Fig.1) 
1,=10mA, 1, =3.0mA 
from Ver =71-5V ~ - 12 ns 
I, =100mA, T, =40mA 
from Vor =-2,25V ~ - 7.0 ns 
tore Turn-off time (see Fig.1) 
Ig=1omA, 1, =3.0mA, 
=-1.5 SX19 - - 15 
IM mA Bi ns 
BSX20  - - 18 ns 
1, =100mA, 1, 740mA, 
Iam =-20mA BSX19- - 18 ns 
BSX20 = - - 21 ns 


Vin Rise time less V. 
than Ins in 
tp => 300ns ee 
f Duty cycle < 2%. 


~~=~90%e 


Fig.1 
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SILICON N-P-N PLANAR BSXI9 
EPITAXIAL TRANSISTORS BSX20 


Circuit conditions: 


1 | sm | Yoo = 
(mA) (mA) (Vv) (ka 


) 
3.0 | 1.5 3.3 0 
40 20 0.33 


Note: -Ipyy is the reverse current that can flow during switching-off. 
The indicated -Ipyy is determined and limited by the applied cut-off 
voltage and series resistance. 


Min. Typ. Max. 
t Storage time (see fig.2) 


1,=lp = gy 7 10m4 BSX19 7 5.0 10 ns 
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Storage time test circuit 


+6V————+4 ----— 10% Pulse 
waveform 
at point & 


Vin Rise time less 
than Ins 

tp 2300 ns 

Duty cycle<2%/e 


Fig. 2 
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SILICON N-P-N PLANAR BSXI9 
EPITAXIAL TRANSISTORS BSX20 


TYPICAL CIRCUIT USING BSX20 
NAND gate (Diode-transistor logic) 


#12V 


+6-0V 


Fan-out =5 


BSX20 


Typical delay time per stage t g lons, when 'fan-in'=5 


NOTE 


Fan-out=5 means that the circuit may be loaded by a maximum of five 
circuits, each presenting a load identical to that of one input branch of the 
input circuit itself. 
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SILICON N-P-N PLANAR BSX1I9 


EPITAXIAL TRANSISTORS BSX20 
a - HE t BSx19 | f B5498 
m ie OTT T 

° i men 
30 T i” try Tj = 25°C 
: aH 
ia T 
to HHH t Cy 
Cy ry 0:75mA 
ne rH 
20 aa) 
a5 
: H Ty 10-50mA 
an T f 
EELS 
rT 
10 H rT 
o-20mAHT ++ 
fel] O10MA 
oft 0-05mA $ 
ro) 0-2 0-4 0-6 0-8 Veg (V) 
Te [H BSx20 
(mA) TT Tt T 
coh Tj =25°C 
Sane ae eee | 
HEE & “ESE 
9° ee & PETE Crt iH! 
U 0 0-4mA T ++ 
opt {e) a C 
HE eee | : 
20 [I on + + 
i i- TT | 
ce aay ae) eee ney Parry 
O-2mA Fret 
~ H | { + : t I i" 
rer Pore ert Seeneal t 
10F —| t4 ae EE a 
4 | i te! O-10MA 
ECCeery Tre 
lL - tite : TTo-05mA 
6a : ; ae = O-O1MAT TE 
) 0-2 0-4 0-6 0-8 Veg (V) 


TYPICAL OUTPUT CHARACTERISTICS. T; =25°C 
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Pe] -o-sma ET 
SERRE SEES 
imo 


ia 
LA 
Ale 
y | 
+ a@ 
ACH 
lh 
Lae 
iB 
a 
: 
= 
a 


Han 
He 
HH 


ss HP PERPEEEEEE TE 
PY -o2ma H 

[TI 
0 10 2.0 30 Vogt) 


TYPICAL OUTPUT CHARACTERISTICS. 5 =25°C 
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BSX1I9 
BSX20 


SILICON N-P-N PLANAR 
EPITAXIAL TRANSISTORS 


eS Sa 


el tJ 
Scan eet LA 
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‘ COLLECTOR CURRENT PLOTTED AGAINST BASE CURRENT 
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ram 
am 


05 Voge {¥) 


0.4 


-EMITTER VOLTAGE 


_ COLLECTOR CURRENT PLOTTED AGAINST BASE 
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BSXI9 
BSX20 


B5495 
| 
| 
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T; (°C) 


Be PE A = fry. 
@8 Lio 7" T ae te : poe { | 
xX 
yw. fot i ees Ha sd [ 
ag ;-} [ aS a = 


150 


TEMPERATURE 
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SILICON N-P-N PLANAR 
EPITAXIAL TRANSISTORS 


1000 


TYPICAL COLLECTOR CURRENT PLOTTED AGAINST JUNCTION 
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT 
Mullard 


SILICON N-P-N PLANAR BSXI9 
EPITAXIAL TRANSISTORS BSX20 


VCE 
(sat) 
(Vv) 

06 


O-4 


o.2b 


0:5 


: 


Le 
-100 ie) 100 200 Tj (°C) 


TYPICAL COLLECTOR-EMITTER SATURATION AND BASE-EMITTER 
SATURATION VOLTAGES PLOTTED AGAINST JUNCTION TEMPERATURE. 
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TYPICAL BASE-EMITTER VOLTAGE PLOTTED AGAINST JUNCTION 


Chr Coss 
sacnsnns SS 
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SILICON N-P-N PLANAR BSX19 


EPITAXIAL TRANSISTORS BSX20 
100 4 BSX19 B5489 
cE BSX20 -H 
fo 
Teao |ETTTITTT TT TT 
ry THT on 
10 
7 
if A 
S 
ACT = 
(uA) L acyAt} Li 
H 3 r] 
10 oS 
000 |, 3 t 
(nA) 5. tt + 
3 
S 
| Ag 
100 E & 
i of 
& 
3 
{ 
XN 
7 AC. 
s| of | t C1 
78 oH COO 
7 } +t a t - 1 
10 
; EERE ee 
st | | Torry 4 
—— Ng - +t 7 
att al 1 af it {ty [I can Lit | | | 
4t11 1 : {iit tilt 
o4 Hitilli 
fe) 50 100 150 200 T; (°C) 


COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE 
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SILICON N-P-N PLANAR BSX19 
EPITAXIAL TRANSISTORS BSX20 
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EMITTER CAPACITANCE PLOTTED AGAINST EMITTER-BASE 
VOLTAGE 
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SILICON N-P-N PLANAR BSXI9 
EPITAXIAL TRANSISTORS BSX20 
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N-P-N SILICON 
PLANAR TRANSISTOR BSX21 


N-P-N silicon planar transistor for use in general industrial applications 
and as a driver with numerical indicator tubes, TO-18 construction with 
collector connected to the envelope. 


a 
QUICK REFERENCE DATA | 
. (45 +120 OV 
Vor max dy 0) 
. +8 
CEO max 0 Vv 
7 mA 
lam max n 50 
: = 25 3 
Prot max (T mb C) 00 mW 
T, max. 175 °C 
i = =+ 
hee min. Gy 4,.0mA, Vor 3.0V) 20 
i = =+ 
fp min, 75 4.0mA, Vor 10V) 60 MHz 
ee | 


OUTLINE AND DIMENSIONS 


Conforming to B.S, 3934 SO-12A/SB3-6A 
J.E.D.E,C, TO-18 


ashy Millimetres 


Min. Nom. Max. 


A - = 4.8 
B = - 5.3 
Cc 12.7 = - 
D = - 0.48 
E st 1.0 - 
F i 1.05 = 
G - 2.54 = 
H 5.3 5.55 5.8 


Connections 1. Emitter 
2. Base 


3. Collector connected to envelope 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
V ogo max. (1,79) +120 Vv 
Voro max. Gy =0) +80 Vv 
VeRO max. = 9) +5.0 Vv 
How max. 50 mA 
* 
I C(AV) max, 50 mA. 
Tom max. 50 mA 
* 
I (AV) max, : 50 mA 
Pot max, (Tomb 2? (e)) 300 mW 
Temperature 
min. -65 . 
stg é 
T max. 175 
stg 6 
= max, 175 


THERMAL CHARACTERISTICS 
in free air 0.5 degC/mW 
0.15 degC/mW 


RenG-amb) 
Rie 
th(j-case) 


*Averaged over any 20ms period. 


{The BSX21 may be operated in the breakdown region up to V_,,=+160V, 


provided that P, <L00mW at T =85°C. 
tot amb 


CE 


{The transistor can withstand a capacitive load of 500pF, with V 


g max. = 
150V during switch-on. 


Cc 
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N-P-N SILICON 
PLANAR TRANSISTOR 


BSX2I 


ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise stated) 


VoK(sat) 


VBE(sat) 


V cR(sust) 


Te 


Te 


Collector cut-off current 


=+ = 
Voz 50V, I 0 


=+ = 
Vos 120V, I, 0 
Emitter cut-off current 


=+ = 
Vip 3.0V, In 0 


Collector-emitter saturation 


voltage 
=1.0mA, =10 
In m LB OpA 


= =1.0 
I Cc 10mA, IL, mA 
Base-emitter saturation 


voltage 
I,=1.0mA, 1, = 100uA 


1,=10mA, T,71-0mA 


Collector-emitter sustaining 


voltage 

1,74.0mA, 1,70 
Base-emitter voltage 
Iyn4- OmA, Vor +3.0V 
Static forward current 
transfer ratic 
1,71.0mA, Voge t8- OV 
In 4,0mA, Vor +3.0V 


I,=10mA, v gn 3 0V 


Cc 


1,7 20mA, Vo 


=+ 
E 3.0V 
Collector capacitance 

i =+ 
In L, 0, Vop 16V, 
f£=1.0MHz 
Emitter capacitance 

= 4 =+ 
Iu I, 0, Veep 1.0V 
f=1.0MHz 


Transition frequency 


1,74.0mA, Voge tov 
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Min. 


+80 


20 


60 


Typ. 


+250 
+1.8 


+700 


40 
32 


120 


Max. 


40 BA 


+900 mV 


- MHz 
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TYPICAL CIRCUIT 


Vht 9 +250V + 10% 


56k2 + 10% 


ZM1020 
ZM1080 


SOLDERING AND WIRING RECOMMENDATIONS 


1s 


When using a soldering iron, transistors may be soldered directly 
into the circuit, but heat conducted to the junction should if possible 
be kept to a minimum by the use of a thermal shunt. 


Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage tem- 
perature, These recommendations apply to a transistor mounted flush 
on a board having punched-through holes, or spaced at least 1.5mm 
above a board having plated-through holes. 


Care should be taken not to bend the leads nearer than 1.5mm from 
the seal, 
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N-P-N SILICON 
PLANAR TRANSISTOR BSX2I 
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TYPICAL OUTPUT CHARACTERISTIC 
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100 


TYPICAL VARIATION OF COLLECTOR-EMITTER AND BASE-EMITTER 


SATURATION VOLTAGES WITH JUNCTION TEMPERATURE 
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BSX21 


N-P-N SILICON 
PLANAR TRANSISTOR 
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TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 


WITH EMITTER CURRENT AND JUNCTION TEMPERATURE 
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TRANSITION FREQUENCY PLOTTED AGAINST EMITTER CURRENT 
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N-P-N SILICON 
PLANAR TRANSISTOR BSX21 
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COLLECTOR CAPACITANCE PLOTTED AGAINST COLLECTOR-BASE 
VOLTAGE AND EMITTER CAPACITANCE PLOTTED AGAINST 
EMITTER-BASE VOLTAGE 
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TYPICAL VARIATION OF COLLECTOR-BASE AND EMITTER-BASE CUT-OFF 
CURRENTS WITH JUNCTION TEMPERATURE 
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N-P-N SILICON 
PLANAR TRANSISTOR 
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SILICON PLANAR EPITAXIAL BSX59 
N-P-N TRANSISTORS BSX60 


BSX61 


Silicon planar epitaxial n-p-n transistors intended for use in very high speed core 
driving applications 


QUICK REFERENCE DATA 
BSX59 BSX60 BSX61 
70 


=500mA, Vor =1.0V) 
. = = 5 
max €, 500mA, 1 OmA) 


max. €,=500mA, Toon 00mA: 


=2.0V) 


CE(sat) 


~Varoff 


max, re =500mA, Iyon = lott” 50mA) 60 


Unless otherwise stated data is applicable to all types 
OUTLINE AND DIMENSIONS 


Conforming to B.S. 3934 SO-3/SB3-3A 
J.E.D.,E.C. TO-5 


Millimetres 

Min, Nom, Max, 
A 9.10 S 9.40 
B 8.2 - 8.50 
c 6.10 - 6.60 

D - 5.08 Z 
cae a E 0.71 - 0.86 
TET, | F3 F1 Z - 0.51 

AL iF F2 12.7 : o 
Sid F3 38.1 - 41.3 
ies Gl - = 1.01 
g. ‘. G2 0.41 - 0.48 
G3 = 7 0.53 

rT v4 H - 0.4 = 
e | ia J 0.74 - 1.01 

J 


The collector is connected 
to the envelope 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
y ax. 
V CBO max 70 Vv 
Voro max. BSX59 45 Vv 
BSX60 30 Vv 
BSX61 45 Vv 
VERO max. 5.0 Vv 
I ‘ 1.0 A 
Cc max 
I 0.2 A 
B max i 
Peg max. (Tomb 22 C) 800 mW 
Temperature 
T., min. -65 °c 
stg é 
T max, 200 Cc 
stg é 
a max, 200 Cc 


THERMAL CHARACTERISTICS 
ees (in free air) 0.22 degC/mW 


ers 0.035 degC/mW 


ELECTRICAL CHARACTERISTICS (1,=28°C unless otherwise stated) 
Min. Typ. Max. 


TBO Collector cut-off current 
Vop ov, 1,70 . - 50 500 nA 
Vop 40V, 1,=0, ae Cc - 100 300 pA 
BO Emitter cut-off current 
Vian 4-0V, T,=0 BSX59, 60 - 50 300 nA 
BSX61 - 50 500 nA 
fo) 
=4, = = = 5. 
Vip ov, Iy 0, Ey 150 C 0 50 pA. 
Currents with reverse biased 
emitter junction 
I V4. =40V, -V_,,=4.0V BSX59, 60 - 50 500 nA 
ee Ce BE BSX61 - 50 1000 nA 
= = = o 
Vag @40V; Vir 4,0V, q; 150 C 
BSX59, 60 - 100 300 pA 
BSX61 - 100 500 pA 
-I V_.=40V, -V__=4.0V BSX59, 60 = 50 ~—-500 nA 
Bee ce Be BSX61 - 50 =1000 nA 
o 
V__=4 = =A. = 
CE ov, Vir ov, 5 150 C 
BSX59, 60 - 100 300 pA 
BSX61 - 100 500 pA 
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SILICON PLANAR EPITAXIAL 


N-P-N TRANSISTORS 


ELECTRICAL CHARACTERISTICS (cont'd) 


Vv Collector-base breakdown 
(ENCED voltage 
1 =10vA, I, =0 BSX59 
e 8 BSX60 
BSX61 
Collector-emitter breakdown 
voltage 
Vv I, =100nA, V__,=0 BSX59 
(BR)CES Cc BE BSX60, 61 
Vv 1, =10mA, I =0 BSX59,61 
(BR)CEO Cc B BSX60 


VBR)CEX “Vip 3-5V, R= 702 BSX59, 61 
Vor (sat) Collector-emitter saturation 
voltage 
Ta =150mA, I, =15mA BSX59 
BSX60 
BSX61 
Ty =500mA, I, =50mA BSX59 
BSX60 
BSX61 
ra =1.0A, I, =100mA BSX59 
BSX60 
BSX61 
Vor (sat) Base-emitter saturation 
voltage 
I, =150mA, I, =15mA 
Ta =500mA, I, =50mA BSX59 
BSX60 
BSX61 
Ta =1.0A, 1,7 100mA 
h Static forward current 
FE . 
transfer ratio 
1, =150mA, V_..=1.0V BSX59 
e GE BSX60 
BSX61 
NOTE 


oo 


30 
30 
30 


85 


17 


BSX59 
BSX60 
BSX6I 


Typ. Max. 
120 - Vv 
110 - Vv 
100 - Vv 
110 - Vv 
100 - Vv 
55 - Vv 
50 - Vv 
See note 1 
0.24 0.3 Vv 
0.21 0.3 Vv 
0.18 0.5 Vv 
0.44 0.5 Vv 
0.42 0.5 Vv 
0.4 0.7 Vv 
0.58 1.0 Vv 
0.56 10 Vv 
0.56 1.3 Vv 
0.8 1.0 Vv 
1.0 1.2 Vv 
1.0 1.3 Vv 
1.0 1.3 Vv 
1.2 1.8 Vv 


70 
100 
110 


1. Nobreakdown may occur when the transistor is switched from Ic = 1.0A 


to Voz =60V with Tpopf = 50MA- 
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ELECTRICAL CHARACTERISTICS (cont'd) 


FE 


Nee 


t 
on 


off 


Static forward current 
transfer ratio 


ly =500mA, Vor 1-0V BSX59, 61 


BSX60 


1, =1.0A, v OV BSX59 
BSX60 


BSX61 


CE." 


Small signal forward 
current transfer ratio 


1, =50mA, Vop=l0V, 


f=100MHz 


Input capacitance 
Var =0.5V, 1, 70,f=1.0MHz 


Output capacitance 

Vag ily: 1,=0, f=1.0MHz 
Recovered charge (see fig. 1) 
a =500mA, iF 50mA, 


Voc =30V BSX60 

Turn-on time (see fig.2) 

Ty =500mA, Ieon 50mA, ~Veroft 
Voc =50V BSX59 
Voc =30V BSX60 
Voc =50V BSX61 

Turn-off time (see fig.2) 

Iu =500mA, Tb0n Tort” 50mA, 
Voc =50V BSX59 
Voc =30V BSX60 
Voc =50V BSX61 
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Typ. Max. 
- 90 
40 - 
50 - 
55 = 
4.75 - 
36 50 
5.75 10 

3.8 5.0 
17 35 
17 40 
18 50 
45 60 
58 70 
70 100 
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pF 


nc 


ns 
ns 


ns 


nhs 
ns 
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SILICON PLANAR EPITAXIAL BSX59 
N-P-N TRANSISTORS BSX60 


BSX6I 


Recovered charge test circuit and waveforms 


30V 
Vin 
600 
Input C= 500pF 
pulse 
Vout 
Oo——4 
tp=10ps 180kn Vout 
d= 2% 
o oO 
, Fig. 1 
Adjust C from zero to C g 
opt 
Q =C_ XV. 
s opt in 
- Vec 
Turn-on and turn-off test circuit and waveforms 
Rc 


Vout 


Vin 3750 


t I 
' l 
' | 
f { 
t t 
{ ee 
Oa it 
at ti 
<Sns— he | = <£5n5 56) 
ae 
| i 
2500ns—+ ~ 
Pulse generator => 


output impedance =500N 


Measure- 
ment 


on 


[fot 
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100}-—}-— 


SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTORS BSX5? 


129 oe ee : an 
fre Coo oo a +4 
100 ii 
ci cee (a? (lS 2 | 
; bP t 
e BSX6 an 
BSX60 | ==] 
Tt 
pS? BSX59 
“ |BSx5 
3 a.-¥ 3 C aed _ 2 $ 7 ; aed 
O41 +0 10 


ae 
100 Ic(mA) 1000 


50 


ae: a ay 2 £ 3 Cr ae 
10 100 I¢(mA} 1000 


TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 


WITH COLLECTOR CURRENT AT Vop 1-0 and 5.0V RESPECTIVELY 
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100 


150 


TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH JUNCTION TEMPERATURE ; BSX59 


Cyt Tos esxeoH tf -B7519 
[ eee eed zl 
mae rll Wepas-ovi 
150 + 
——-- + 4 4 
heeHte rae 
sem Oe 
yy Poe 2 
100 


tap ppt 

Pere =1mA 
; 1 
7 e 
Tala Tio 

50 ; Crore ; 
+ oS ee oe ee ee { 
| ttt | 
: | CCC 

aa | 


i te : : 
100 7; (Cc) 150 


TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH JUNCTION TEMPERATURE; BSX60 
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BSX59 
BSX60 
BSX61 


SILICON PLANAR EPITAXIAL 


N-P-N TRANSISTORS 


TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 


WITH JUNCTION TEMPERATURE; BSX61 


TYPICAL VARIATION OF SMALL SIGNAL FORWARD CURRENT 


TRANSFER RATIO WITH COLLECTOR CURRENT 
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TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION 
VOLTAGE WITH COLLECTOR CURRENT 
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SILICON PLANAR EPITAXIAL BSX59 
N-P-N TRANSISTORS 


rp ft Et = -| BSx59 
“TLL ITELL PT Pe] Bsx6o 
VBE(sat)| - 2] tot = BSXx61 
(wv) FO Ee HH fy -] fro 


ie) 10 100 Ic(mA) 1000 


15] a 
vaca TE TH TPET TEE ie?! 
sa py i ; +4 | ue 
(Vv) Pfr pa Ga Fal + i t ine 
tit | en ft bt fat 
} /. ee Be | —i.=--} 
bok 
TrOH-—+ [tt 
ae ie Pe — 
a pa a Siemoey w ere 
| ee 
' tt - 
0-5} ae 7 + + 
FEE CEES ESE HL EERE 
“Pere im aeeel Ltd 
4 4 a1 4 
Ae + ; 
ce) i if Py a sc i 
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TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE 
WITH COLLECTOR CURRENT AND JUNCTION TEMPERATURE 
RESPECTIVELY 
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Cibo a Hr 
(pF)E: 


rir 
4 -VaeV) 


TYPICAL VARIATION OF INPUT CAPACITANCE WITH 
+ BASE-EMITTER VOLTAGE 


ae HH 
10 40 Vepiv) 50 


TYPICAL VARIATION OF OUTPUT CAPACITANCE WITH 
COLLECTOR-BASE VOLTAGE 
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SILICON PLANAR EPITAXIAL | BSX59 
N-P-N TRANSISTORS BSX60 


aetna ye — 
TTT HAE-AH esxs9 H+ 87528 
SUT Pir ery TT] BSx60 PEPE LiL 
Peso fhe abate BSX61 | “HH tH 
BOTDGGRaGne + Pitt icon BSX61 
i Ses 500mA Poteet Pry] 
tore n=-I Bott =SOmMA ne gers 
(ns) a am a con [" 3 Trt 
BSX60 
100 eI LT 
r 
po BSx59) 
dpe ye os 
50 ra rT 
ri 
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TYPICAL VARIATION OF TURN-ON AND TURN-OFF TIME 
WITH JUNCTION TEMPERATURE 
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01 


0-01 


BSx59 B7529 
7 BSx60 } 
“T BSXxX61 
5 on 
3 
as a Bs 
7 Icpo (VYcaR= 40V) 
| | 
5 
| | li 
3 jie Se 1 
7 IeBol! Ve R= 40V) 
5 
3 
7 
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um 
3 +— + a 
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fe) 50 100 TPCC) 150 


TYPICAL VARIATION OF COLLECTOR AND EMITTER CUT-OFF 
CURRENT WITH JUNCTION TEMPERATURE 
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SILICON PLANAR BSY95A 


EPITAXIAL N-P-N TRANSISTOR 


Silicon planar epitaxial n-p-n transistor for general purpose low level 


switching applications. 


QUICK REFERENCE DATA 


Vv cEo 4x: 15 Vv 
low max, 200 mA 
Prop max (Typ 25°C) 300 mW 
Lao €,=10mA) 50-200 
fn min. 
(,=1l0maA, Vop79-0V, 
£=100MHz) 200 MHz 
ts max, 50 ns 
OUTLINE AND DIMENSIONS 
Conforming to J.E.D.E.C, TO-18 
B.S. 3934 SO-12A/SB3-6A 
Millimetres 
Min. Typ. Max. 
A 4.53 - 4.8 
B 4.66 - 5.33 
Cl = - 0.51 
C2 12.7 - = 
C3 12.7 - 15 
D1 - - 1,01 
D2 0.41 - 0.48 
D3 - - 0.53 
E 0.84 - 1.17 
F 0.92 - 1.16 
G - 2,54 - 
Viewed from underside H 5.31 7 5.84 
Connections 1. Emitter 3. Collector connected to envelope 


2, Base 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
CBO max. 20 Vv 
Vv CKO max. 15 Vv 
EBO ™2*+ 5.0 Vv 
“Toay) max. 100 mA 
I cm ™2%- 7 200 mA 
Prot maxe (Tap 25 ©) 300 mW 
* Averaged over any 20ms period. 
Temperature 
T tg min, -65 °C 
Tope MAX- 175 °c 
i max, (operating) 175 : 
THERMAL CHARACTERISTIC 
Reni anaes 0.5 degC/mW 
ELECTRICAL CHARACTERISTICS (Tab 723 © unless otherwise stated) 
Min. Max. 
I CBO apg aoe current - a i 
CB °°E 
Var (CBO) aa breakdown 
I a =1.0uA 20 - Vv 
eee, eae Se 
Vv (BR) EBO a na breakdown 
1, =10HA 5.0 - Vv 
I CEO Collector-emitter cut-off 
current 
Vop=12V, 1350 a 250 nA 
Vv (BR)CEO tu breakdown 
I c =10mA** 15 - Vv 
S fees 
Cc a Os Deimos 
£=100MHz 200 - MHz 


*k Pulsed! Pulse width=300us, duty cycle <2%. 
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SILICON PLANAR BSY95A 
EPITAXIAL N-P-N TRANSISTOR 


Min. Max. 


h Common emitter forward 
FE 7 
current transfer ratio 


1,=1.0mA, Vog 7 0-85V 30 - 


1,=10mA, Vog = 9-385V 50 200 


Collector-emitter 
saturation voltage 
1,=1oma, 1, 70-2mA - 0.35 Vv 


Base-emitter saturation 
voltage 
1,=10mA, 1, 70.2mA 0.67 0. 87 Vv 


Vox (sat) 


VBE(sat) 


Con Collector-base capacitance 
Vap7?-OV, 1,70 


f=1,0MHz - 6.0 pF 


t Storage time 
I c =10mA - 50 ns 


See test circuit on page 4 
SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


4, Ifdevices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated flux. 
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STORAGE TIME TEST CIRCUIT 


---- 10%. Pulse 
waveform 
at point A 


Vin Rise time less 
than Ins 

tp 2300 ns 

Duty cycle<2%o 


Input and output waveforms 
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HIGH VOLTAGE N-P-N 
SILICON POWER TRANSISTOR BU126 


High voltage n-p-n silicon power transistor intended for use in the switched mode 
power supply of television receivers. 


QUICK REFERENCE DATA 


max. (Vor = 0) 


CESM 
CEXM 


max. (peak value) 
0 
~ 
tot b- ee) 


Vows (a =2.5A, In = 0. 25A) 


te typ. Con =2.5A, Ty(end) = 0.25A) 


max. (Vor =1,.5V) 


max. (T 
m 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO -5A/SB2 -2 
J.E.D.E.C, TO-3 


Millimetres 

Min. Nom. Max. 
A - 16.9 - 
B - - 26.6 
Cc - 10.9 - 
D = 30.1 = 
E 4.0 - 4.2 
F - - 20. 3 
G - 3.15 - 
H - - 9.5 
J 11 - 13 
K - - 39.5 
L - 1.0 = 


Collector electrically connected 
to the envelope 
ACCESSORIES 


56201 consisting of: - 56201A (insulating bushes) and 56201B (mica washer) 
56214 lead washer 
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RATINGS 
Limiting values of operation according to the absolute maximum system. 
Electrical 


Vorsm max. Ven = 0) (peak value) 750 


CEXM 
CEO 


Vv max. (Vor =1.5V) (peak value) 750 
Vv max. (open base) 300 
Io max. (d.c.) 


3 
Tom max. (peak value) 6 
-I max. (peak value) 3 
I max. (d.c.) 2 
I max. (peak value) 2 


max. (d.c. or averaged over 


-I 
B(AV) any 20ms period) 


“low max. (peak value, turn-off current) 15 


Prot «max. (Tp) £80°C) 30 
Temperature 
T_ range -65 to +125 
stg 
Tj max. +125 


THERMAL CHARACTERISTICS 
Ren(j-mb) 
R 
th(mb-hs) 
R 
th(mb-hs) 
ELECTRICAL CHARACTERISTICS (T; = 25°C unless otherwise stated) 


with mica washer and lead washer 0.75 


with lead washer only 0.5 


Min. ‘Typ. 


Collector cut-off current f 


Vor = 750V; Ver =0 


fo) 
Vag = 750V; Vag Oe Ty= le Cc = = 


Emitter cut-off current 


1, =0; Va, = 6V é s 


hoe Large signal forward current transfer 
ratio : 


lo = JA; Vor = 


ve ES 


SV 15 - 


Collector -emitter saturation voltage 


I, = 2.5A3 I, = 0.25A 2 - 
I=4as I= JA : - 


Von(sat) 


{Measured with a half sinewave voltage (curve tracer). 
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HIGH VOLTAGE N-P-N 
SILICON POWER TRANSISTOR BUI26 


ELECTRICAL CHARACTERISTIC (contd. ) 
Min. Typ. Max. 


VieR( at) Base-emitter saturation voltage 
: 1, =2.5A, 1, = 0.254 - - Las Re 
Cc B 
Vv Collector -emitter sustaining voltage 
CEO (eue}) 1, = 0 Ig = 100mA; L = 25mH 300 : : Vv 


Oscilloscope 


| 


6V 


Veeolv) | 


05007 


Oscill di ovees 
scilloscope display for Voro sust Test circuit for VoKo sust 
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ELECTRICAL CHARACTERISTICS (contd. ) 


Min. Typ. Max. 


= ear’ ean f = IMHz - 8 - MHz 
CAS SCE 7 

“Te ery rear f = IMHz E 85 - pF 
E e ’ CB ‘ 

ore : eo oa f = 1kHz - 1.4 - oF 
Gre. EB , 7 

Turn -off time 

Tom =2,5A, Ta(end) =0.25A 

t Storage time i. 1.2 - us 

ty Fall time - 0.15 ~ ps 


Practical turn-off circuit 


33kK2 


vi 
te=Vo=32ps x 
, z own 
7 TD 


2073/4 


V(t.) Allowable value of Vor after 0. 5us = # 500 Vv 


Tl Core EI 25 
nl = 350 turns, 100mH 
n2 = 32 turns 
Leakage inductance at secondary 3H 


The value of Cj depends on the stray capacitance of Tg and on the capacitive loading 
of the secondary (typical value for Cy is 1.5nF). 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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HIGH VOLTAGE N-P-N 
SILICON POWER TRANSISTOR BU126 


Safe Operating Area (Regions I, II and III forward biased) 


I Region of permissible d.c. operation 
II Permissible extension for repetitive pulse operation 


Il Area of permissible operation during turn-on in switched mode power supply 
circuits, provided to < 0. 6us and Rep < 1002 


IV Repetitive pulse operation in this region is allowable, provided 


VaR <0 and t <2ms 
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Ds009 


Am THO AAT 


05012 


Typical values 


4A 


3A 


2A 


A 


10 


Ve tsat) 


(v) 


75 


25 


Ig(A) 1.5 


1.25 


0.75 


Os 


0.25 
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HIGH VOLTAGE N-P-N 
SILICON POWER TRANSISTOR BU126 


05013 2 beets 
[J 


typical values 
T,=25 °C 


| aaeee 
Pp aE spSre eley 
ether 
0 0s 1 IgA) 15 0 50 100 7, (°C) 150 


OSots 
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ATT TT 


50 100 Trp (°C) 150 
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HIGH VOLTAGE N-P-N 
SILICON POWER TRANSISTOR BU126 


APPLICATION INFORMATION (Note 1) 
Switched-mode power supply circuits 


Important factors in the design of switched-mode power supply circuits are the power 
losses and heatsink requirements of the output transistor and the base drive condition. 
during turn-off. The basic arrangements for parallel and series-type switched-mode 
circuits are shown in Figs.1, 2 and 3, together with the basic waveforms. 

In power supply circuits for colour receivers the duty cycle 6 varies between 0.4 and 0. 6. 
Fig.4 gives the nominal value of the recommended base current Ipeyg versus the maxi - 
mum peak collector current (which occurs at maximum load and minimum input voltage). 
Fig. 5 shows the base current waveform during turn-off. 

Fig. 6 gives the total device dissipation Pyo, versus the maximum peak collector current. 
The max. permissible thermal resistance for the heatsink can be calculated from: 


Tjmax ~ Tamb 


RyA(mb-a)max (Note 2) = P 


~Reth j-mb 
tot 


. és 0 to} 
For the BU126: Tj max = 125 C and Ry, j-mb = 2,5°C/W 


To ensure thermal stability, the thermal resistance of the heatsink used must not exceed 


the value plotted in Fig. 7. 
+ 
D Vo 
, Fig. 1 Parallel type switched- 


mode power supply, basic 
TR circuit arrangement, 


+270V 
O 


0S584 


Fig. 2 Series type switched -mode 
power supply, basic circuit 
arrangement, 


NOTES 


1. Detailed application information available on request. 
2. Including additional thermal resistances resulting from mounting hardware. 
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APPLICATION INFORMATION 
(continued) 


ig D5586 


Fig. 3 Waveforms applying 
to switched-mode power 
supplies. 


Fig. 4 Recommended nominal value of 
base current versus max. peak collector 
current. 

Applies for ratio I 


/L_,, =2 (Fig. 3). 


CM’ Cl 


0 125 250 375 500 
(mA) 


lp (end)nom 
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HIGH VOLTAGE N-P-N 
SILICON POWER TRANSISTOR BU 126 


APPLICATION INFORMATION 
(continued) 


Fig. 5 Basic waveforms during 
current turn-off 


05589 05590 
(Ca ae ca Re a a Pe | J 


Algend 7 +10%, -20%e 
| Hom / Icy 2 2(Fig 3) 


Rthimb-a) max 
(W) | (°C/W) 


15 


0 
0 1 2 3 
IoMmax!A} TemMmaxtA} 
Fig.6 Total transistor dissipation Fig. 7 Max. allowable value of R nb-2) 
versus max. peak collector current. to ensure thermal stability. 
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05270 


Renimb-a) These curves are for copper heatsinks 
(°C/W) of thickness 0.079in (2.0mm) and for 
aluminium heatsinks of thickness 
O.NBin (3.0mm) 


0 50 100 150 200 


1 
Rentmb-a) CC/mW) Heatsink area=lengthx width (¢m2) 
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HIGH VOLTAGE 
SILICON POWER TRANSISTOR 


BU133 


High voltage n-p-n power transistor intended for general purpose consumer appli- 


cations. 


le QUICK REFERENCE DATA 


-emi =O k 
Collector -emitter voltage Vor ) (peak value) VorsM 


Collector current (peak value) I 


Total power dissipation up to 
_ nO 
Tp = 50°C Prot 


Collector -emitter saturation voltage 
Io = 2.5A; 1, =0.25A 


Fall time 
Tony = 2-545 Tay = pe = 0943 Vag = 125V te 


750 Vv 
6 A 
30 W 
10 Vv 


0.5 ps | 


MECHANICAL DATA 


Collector connected to case 


TO-3 


203% 


Accessories available: 56201 and 56214 
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RATINGS Limiting values of operation according to the absolute maximum system. 


Voltages 
Collector -emitter voltage Ver = 0) (peak value) VoERsM max, 750 Vv 
Collector -emitter voltate (Vip =1.5V) (peak value) VoEXM max. 750 
Collector-emitter voltage (open base) VoRo max. 250 
Currents 
Collector current (d.c.) I max, 3 A 
Collector current (peak value) I CM max. 6 A 
Reverse collector current (peak value) “lom max, 3 A 
Base current (d.c.) RB max. 2 A 
Base current (peak value) Tam max, 2 A 
Reverse base current (d.c. or average over 

any 20 ms period) “Taav) max, 100 mA 
Reverse base current (peak value) (note 1) “la max, 15 A 


Power dissipation 


Total power dissipation up to T,,, = 50°C Bg max, 30 Ww 
Temperatures 
Storage temperature Tee -65 to +125 xe 
Junction temperature T; max, 125 9G 
THERMAL RESISTANCE 
From junction to mounting base Reng a) 2.5 °o/w 
From mounting base to heatsink 
with mica. washer and lead washer 
(56201 and 56214) Ray mb-h 0. 75°C/W 
with lead washer (56214) only Bae ata 0.5 °c/w 


Notes 


1. Turn-off current. 
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HIGH VOLTAGE 
SILICON POWER TRANSISTOR 


CHARACTERISTICS 1s 28°C unless otherwise specified 
Collector cut-off current (note 2) 
Voum = OV: Vor =9 F ‘ORS 
Vou = 750V; Vor =0, T, =125°C lors 
Emitter cut-off current 
lo =0; Vip = TRO 


D.C, current gain 


1, = 1A; Vv 


c CE 7 


Saturation voltages 


la = 2,5A; 1, 7 0. 25A CE sat 
BE sat 
Collector -emitter sustaining voltage 
L = 0; Io = 100mA; L = 25mH VoRo ent 


A 1 
min Vceo(sust) ! 
t 


Veeo (V) 


BU133 


0.5 mA 

2 mA 

< 5 mA 
15 to 80 

10 Vv 

125 Vv 

250 Vv 


oscilloscope 


vert. 


Oscilloscope display for Voeqisust) Test circuit for Veegisust) 


D4039 D4038 


Notes 


2. Measured with a half sine wave voltage (curve tracer). 
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CHARACTERISTICS (contd.) T, = 25°C unless otherwise specified 


Transition frequency at f = IMHz 


=0.2A; 7 7 

le Veg = 10 f. typ 8 MHz 
Collector capacitance at f = 1IMHz 

I, = I, = 0; Vor = 10V CC. typ. 85 pF 
Emitter capacitance at f = kHz 

1, 21,205 Vp, = 2v Co typ. 1.4 nF 
Switching times 

Ia = 2.5A5 Thy = “Ino = 0. 5A; Voc = 125V 

turn-off storage time te typ. 2 ns 

turn-off fall time te typ. 0.5 us 

turn-off fall time, T_, = 95°C t < 2 us 

mb f 


input 
waveform 


output 
waveform 


time 
040410 0 to +6V Veo =125V 
1°) 


Waveforms 


4pr 


oscilloscope 
© Vo 


Transistor 
under test 


500 


040460 


Test circuit 


Mullard 


BU133 Page 4 


HIGH VOLTAGE 
SILICON POWER TRANSISTOR BU133 


Dé044a0 


Safe Operating Area (Regions I and II forward biased) 


I Region of permissible d.c. operation 
II Permissible extension for repetitive pulsed operation 


III Repetitive pulsed operation in this region is allowable, 
provided Ver= OV and tb = 2ms 
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D4045 


D4046 


tp (ms 


10 


Fd ae ae 


Et oe 
102° 
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BU133 


SILICON POWER TRANSISTOR 


HIGH VOLTAGE 


ve 
YF 


4 
S.B.current multiplying factor at the Voggmax level 


~ ow 


04051 
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a aa al 


Typical curvest. jf. { . {_ 


Tj =25°C 


ee 


0.75 
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0.25 


1A 


10 
25 


2 De053a 


Typical curves 
Tj=25°C 


[ 


0 50 100 T)(°C) 150 
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BU133 


SILICON POWER TRANSISTOR 


HIGH VOLTAGE 


ty [oS 


aed 


a 
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HIGH VOLTAGE BU204 
SILICON TRANSISTORS BU205 


BU206 


TENTATIVE DATA 
The BU204, 205 and 206 are N-P-N High voltage power transistors intended for use 
in line output stages of television receivers. 
QUICK REFERENCE DATA 
BU 204 BU205 BU206 


VoERSM max. 1300 1500 1700 


max. (d.c.) 2.5 2.5 2.5 


fe) 
ot 2% (Tab <90'C) 10 10 
hop min.(V a5 = 5V; Ia = 2A) 2 


OUTLINE AND DIMENSIONS 


Conforms to BS3934 SO -5A/SB2 -2 
J. E.D.E.C. TO-3 
Millimetres 


Min. Nom. Max, 
A = 16.9 2 
B - - 26.6 
re - 10.9 7 
D % 30. 1 
E 4.0 : 4,2 
F - - 20.3 
G - 3.15 - 
H - - 9.5 
J 11 - 13 
K - = 39.5 
L % 1.0 a‘ 


Accessories available (High voltage types) 


56336A insulated bushes, 56336B mica washer, 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


BU 204 

Vorsm max. Vor = 0) 1300 
VoERM max. (Rog <1002) 1300 
Vero max. (open base) 600 
Io max. (d.c.) 2.5 
Tom max. (peak value) 3.0 
Tot max, (peak value) 2.5 
“lew max, (peak value)* note 1 1.5 
P__ power dissipation (max) 

tot é 10 
TT, <90°C 

mb — 

TRANSIENT RATINGS (During flashover) 
Vor Flashover 1500 
ly “Flashover" 5 
Temperature 

Tv, ig range 


ay (operating) max. 


THERMAL CHARACTERISTICS 


RinG-mb) 
Rn(mb-h) using mica washer 56336B 


*Note 1 
Turn off current in line deflection circuits. 
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BU205 BU206 
1500 1700 Vv 
1500 1700 Vv 
700 800 v 
2.5 25 Vv 
3.0 3.0 A 


2.5 2.5 A 


1.5 15 OA 


10 10 Ww 
1650 1750 Vv 
5 5 A 

° 
~65 to +115 C 
115 °C 
2.5 °C/W 
1.0 °c/w 
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HIGH VOLTAGE 
SILICON TRANSISTORS 


ELECTRICAL CHARACTERISTICS T; =25°C unless otherwise stated) 
BU205 BU206 


BU204 
I CES ee ae tag (max) a 
BE " "CE CESM : 
bor (min) aa eat ise pe Naas ratio : 
Cc * "CE 
*YEBO greta aia ) (min) 5 
Cc > "E 
(i, =0; I, = 100mA) (typ) 7 
Von(sat) estar = 1.08) voltage (max) ‘ 
(I, = 2A; I, = 1.14) : 
Vor (sat) nO waa: I= 1-08). voltage (max) a 
(I, = 2A; I, = 1-14) = 
Eo mer aero creme, naaaa 


05129 
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BU204 
BU205 
BU206 


1.0 1.0 mA 
2 1.8 
5 5 Vv 
7 7 Vv 
5 =“ Vv 
= 5 Vv 
1.5 = Vv 
- 1.5 Vv 
700 800 Vv 
+6V 
L 
Hor 


Oscilloscope 
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ELECTRICAL CHARACTERISTICS (cont) 


BU204 BU205 BU206 


« Pane ae eee sv) 7.5 75 7.5 MHz 
31, =0.145 Von : 7 ; 

one eared ca ane : aa = 10V) 65 65 65 pF 
"Ee ’ CB 

Switching times (in line deflection circuit) 
Ch, = 2A; Tend) = 14; Ly = 25yH) 
te Fall time (typ) 0.75 0.75 0.75 ps 
t Storage time (typ) 10 10 10 BS 


Ip tend) 
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HIGH VOLTAGE BU204 
SILICON TRANSISTORS BU205 


ae 


Aull 


2 5 7 2 6 7 2 7 
1 10? "10? Vee (V) 104 


Safe Operation Area with the transistor forward biased. 


I Region of permissible d.c. operation. 
Il Permissible extension for repetitive pulse operation. 
Ill Repetitive pulse operation in this region is allowable, 
provided Rog <1002; <20us; 6 <0. 25. 
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p———T NN 


2 5 7 6 
Vog(V) 10 


Safe Operation Area with the transistor forward biased. 


I Region of permissible d.c. operation. 
Il Permissible extension for repetitive pulse operation. 
IIl Repetitive pulse operation in this region is allowable, 
provided Ror <1002; % <20us; 6 <0. 25. 
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HIGH VOLTAGE BU204 
SILICON TRANSISTORS BU205 


BU206 


| 
= 
— 
=z 
-— 
pres) 
pe 
= 
— 
cacaatiied 
— 
—_ 


Safe Operating Area with the transistor forward biased. 


I Region of permissible d.c. operation. 
Il Permissible extension for repetitive pulse operation. 
III Repetitive pulse operation in this region is allowable, 
provided Ror <1002; = <20us; 6 <0. 25. 
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VA\ Wee 


10 


Ip (A) 


2 
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HIGH VOLTAGE 
SILICON TRANSISTORS 
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HIGH VOLTAGE BU207 
SILICON TRANSISTORS BU208 


BU209 


TENTATIVE DATA 
The BU207, 208 and 209 areN-P-N High voltage power transistors in metal envelopes 


intended for use in line output stages of colour television receivers. 
QUICK REFERENCE DATA 
BU207 


max. (V_,_ =0; peak value) 1300 


Vorsm 
L, max. (d.c.) 


max. (T <95°C) 


BE 

Cc 

tot 

hop (min) a, =4,5A; Vor = 5V) 
(L, =3A; V 


Cc cr = 5) 
t, (typ) =4.5A; I, = 1. 8A) 


(I, = 343 1, = 1.34) 


OUTLINE AND DIMENSIONS. 


Conforms to BS3934 SO -5A/SB2 -2 
].E.D.E.C. TO-3. 


Millimetres 
Min. Nom. Max. 
A = 16.9 S 
B = - 26.6 
Cc : 10.9 = 
D - 30. 1 - 
E 4.0 - 4,2 
F - : 20.3 
| G - 3.15 - 
J H - - 9.5 
J 11 - 13 
F K - - 39.5 
L = 1.0 . 


Accessories available (High voltage types) 


56336A insulated bushes, 56336B mica washer. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BU207 
VoEsM max, Von = 0, peak value) 1300 
Vv CERM max, (Ren <1002, peak value) 1300 
VoRo max. (open base) 600 
I, max, (d.c.) 5 
Iam max. (peak value) 7.5 
TaM max. (peak value) 4 
Tha v) max. phatase over any ee 
Ta max. (peak value, see note 1) 265) 
Pot Max+ (T,, $95°C) 12.5 
TRANSIENT RATINGS (During flashover) 
Vor "Flashover" 1500 
ly "Flashover" 10 
Temperature 
ee range 


y (operating) max. 


THERMAL CHARACTERISTIC 


Xe 


Regcmby 


R namb-h) with mica washer 56336B 


Note 1 


Turn off-current in line deflection circuits. 
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BU208 BU209 
1500 1700 Vv 
1500 1700 Vv 
700 ~—«-800 Vv 
5 4 A 
7.5 6 A 
4 4 A 
100 100 mA 
2.5 2.5. &b 
12.5 12.5 W 
1650 1750 Vv 
10 10 A 
-65 to +115 °C 
115 °c 
1.6 c/w 
1.0 °C/W 
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HIGH VOLTAGE 
SILICON TRANSISTORS 


ELECTRICAL CHARACTERISTICS a =25°C unless otherwise stated) 


BU207 BU208 


lags max, Collector cut-off current 
Vor =0; Vor =Vorsm max) 1.0 1.0 
hop min. Static forward current transfer ratio 
(I, = 4-54; VaR = 5V) 2.25 2.25 
(ly = 3.0A; Vor = 5V) 
WVepo Emitter -base voltage 
(i, =0; I, = 10mA) min. 5 5 
G, =0; I, = 100mA) typ. H 7 
Vv max. Collector -emitter saturation voltage 
CE(sat) 
= 4.5A; = 2 5 
Ca 5A Ih A) 5 
(I, = 343 I, = 1.34) - - 
Vv max. Base-emitter saturation voltage 
BE(sat) 
= 4.54; =2 1. . 
Ch, 5A IB A) 5 1.5 
(I, = 3A; I, = 1.34) 7 = 
Vv Collector -emitter sustaining voltage 
CEOisucy) T, = 03 1, = 100mA; L = 25mH 600 700 


05129 
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BU207 
BU208 
BU209 


BU209 
1.0 mA 
2.25 
5 Vv 
7 Vv 
- Vv 
5 Vv 
- Vv 
1.5 Vv 
800 Vv 


Oscilloscope 


Vert 
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ELECTRICAL CHARACTERISTICS (cont) 


fp (typ) 


Cre (typ) 


t, (typ) 


t, (typ) 


BU207 BU208 BU209 


Transition frequency 


= . =0.1A, EI 
(f = SMHz; In A Vor SV) 7 7 7 MHz 
Collector capacitance 
(f = IMHz; I, = I, = 0; Vor = 10V) 125 125 125 pF 


Switching times (in line deflection circuit) (Ly = 10H) 


Fall time 
I, = 4.54; TK(end) =1.8A 0.9 0.7 - us 
Io = 3.0A; Tend) =1.3A * - 0.7 us 
Storage time 
Io = 4.5A; Ta(end) =1.8A 10 10 - us 
Ta = 3.0A; Tend) =1.3A - - 10 ys 
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HIGH VOLTAGE 
SILICON TRANSISTORS 


=r 
PONT AON 


it 
| To NANT ANAND 


ALAIN 


Nl 


i ei AY 


3 4 
"02 "10? Vogiv) 10 


Safe Operating Area with the transistor forward biased. 


I 
Tl 
Il 


Region of permissible d.c. operation. 
Permissible extension for repetitive pulse operation. 
Repetitive pulse operation in this region is allowable, 


provided Ror 


<1002; a <20us; 6 <0, 25. 
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BU207 
BU208 
BU209 
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NOS ANS NN! 
fates NUTS NS SEN 
SSN 


INR 


Sil dc 


nai 


Safe Operating Area with the transistor forward biased. 


I Region of permissible d.c. operation. 
I Permissible extension for repetitive pulse operation. 
Ill Repetitive pulse operation in this region is allowable, 
provided Ror <1009; - <20us; 6 <0.25. 
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HIGH VOLTAGE BU207 
SILICON TRANSISTORS BU208 


ices NN 
RTS RA oH \s 


i WEN NN 


Safe Operating Area with the transistor forward biased. 


I Region of permissible d.c. operation. 
II Permissible extension for repetitive pulse operation. 
III Repetitive pulse operation in this region is allowable, 
provided Rog <1002; Ls <20us; 6 <0. 25. 
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HIGH VOLTAGE BU207 


SILICON TRANSISTORS BU208 
BU209 
iil a THe LETT 
01 er ee 
11 me ar SE cae 
ill ee al 
Hill woo! | LUI TAT 
| - Ht A Ball 
li PU 
il PTT ZL TT 


2 s 7 
0. 1 I (A) 10 0. 
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OC28 OC29 


JUNCTION TRANSISTORS 


OC35 OC36 


QUICK REFERENCE DATA 


Power junction transistors of the p-n-p alloy type intended for use in medium 
and high voltage and high current switching applications. Matched pairs of 


each type are available under the type number 2-OC 


OC28 OC29 OC35 OC36 
Vos max. (Ig = 0A) -80 -60 -80 V 
Vcr max. (Iz = 0.5A) -60 -48 -48 -60 V 
Vor max. (Is = 6.0A) -60 -32 -32 -32 =V 
hr (lc = 1.0A) 20-55 45-130 25-75 30-110 


Unless otherwise shown, data is applicable to all types 


ABSOLUTE MAXIMUM RATINGS 


The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperatures must also be 
taken into account. 


Collector voltage 


OC28 OC29 O0C35 OC36 


Vos max. (Iz = 0A) -80 -60 -60 -80 Vv 
Vor max. (lz = 0.5A) -60 48 48 -60 Vv 
Vcr max. (lz = 6.0A) -60 -32 -32 -32 Vv 
Collector current 
lom max. 10 A 
tlccav) max. 8.0 A 
Emitter current 
lem max. 12 A 
flevav) max. 9.0 A 
Reverse emitter-base 
voltage 
VeB max. (Ic = 0A) —40 ~20 -20 —40 Vv 
Base current 
Iam max. 2.0 A 
tlapav) max. 1.0 A 
Total Dissipation at Tease < 45°C 30 


j —T, 
Tease > 45°C Prot max. = Ts max-Tease 


0; — case 


Averaged over any 20ms period. 
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0Cc28 JUNCTION TRANSISTORS 


e 
Series 
Temperature ratings 
Tstg max. 75 °C 
Tstg min. -55 °C 
T; max. (Continuous operation) 90 °c 
tT; max. (Intermittent operation total duration 200 hours) — 100 °c 
6;-case Max. 1.5 °C/W 
Ocase—neat sink Max. (when mounted with metal washer 
0.127mm thick and with mica washer) 0.5 °C/W 


Likelihood of full performance of a circuit at this temperature is also 
dependent on the type of application. 


CHARACTERISTICS at Tease = 25°C 
Typical production spread 


Common base Min. Typ. Max. 
Collector leakage current leBo 

(Vos = -500mV, Iz = OmA) — = 100 pA 
(Vos = -14V, lg = OmA, 

Tease = 100°C) = _— 20 mA 
(Vcs = -60V, Iz = OmA, 

Tease = 100°C) 0c29,0C35 — 8.5 30 mA 
(Vos = -80V, lz = OmA 


Tease = 100°C) OC28, OC36 — 12 30 mA 


Emitter cut-off voltage 
(Vcp = -48V, te = OmA, 
Tease = 100°C) VeB _ _ ~500 mV 


Common emitter 


Collector knee voltage at 
Io = 6A (see Fig. 1) Vex(knee) _ 0.5 -1.0 Vv 


Vee (knee) 


Fig. 
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JUNCTION TRANSISTORS 


0028 


e 
Series 
oc28 OC29 oc3s oc% 
Base current Ip min. max. min. max. min. max. min. max. 
(Vos = OV, le = 1A) 17.5 50 72 U5 13 38 9 33 mA 
(Vos = OV, Iz = 6A) 190 375 73 165 130 285 90 285 mA 
Base input voltage Vee 
(Vos = OV In = 1A) < 800 ——. ———> mV 
(Ves = OV, le = 6A) 06 46 — 46 04 14 — 46 V 
Current amplification 
factor hre 
(Vcr = -14V, Io = 30mA) 20 _ _ _ ~ 
(Voce = -1V, Ic = 1A) 20255 45 130 28 75 30-110 
(Vox = -1V, Ic = 6A) 15 30 35° 80 20 45 20. «65 
BASIC PARAMETERS 
Cut-off frequency 
(Vos = -6V, Iz = 300mA) fre 250 _ ke/s 
Collector depletion capacitance 
(Vos = -12V, Ix = OmA) Cte 160 —_— pF 
Emitter depletion capacitance 
(Ven = -6V, lg = OmA) Cte 165 — pF 
Time constant, current feed £ 
@ 
(Vor = -4Y, lem = 1A) 45 70 ps 
(Vor = -4V, lom = 6A) 30 50 - ps 
Desaturation time constant 
(Vcr = OV, Ina = 50mA) ts 30 50 ps 
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0C28 JUNCTION TRANSISTORS 


Series 


Typical operation in on-off power switching circuit 


D.C. supply 
voltage Vec 14 28 Vv 
Ce SSS 
Load resistance Ru 14 2.3 28 47 Q 
peak collector 
current lom 1.0 6.0 1.0 6.0 A 
—_—_— + my oo ee 
0C29 OC35 OC29 OC35 0C28 OC36 OC28B OC36 
‘Turn On’ 
base current Ip 350055 260 «400 70 50 480 400 mA 
‘Reverse’ 
base current iBR 87 13.7 65 100 17.5125 120 100 mA 


VeHy-Y ee aw KH—_ 
Switching times 


Rise time ty 20 20 20 20 us 
Storage time ts 45 45 15 45 us 
Fall time te 40 35 40 35 us 
Hana _ B hre | tp | 
Rise time t, = of loge fist slid 
. 8 [ | None | | 
Fall time te = — loge] 1+ —————- 
ot LT hee | fa | 
t ! 
Storage time ts = 7s loge te tae 
| tow | 
—— + | Isr | 
hrs 
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JUNCTION TRANSISTORS 0C28 


Series 


CHARACTERISTICS OF MATCHED PAIR | 
(measured at Tease = 25°C) 


Ratio of the current amplification factors of the two transistors 


at Ven = OV, Ic = 300mA 1.2:1 
Ves = OV, lo = 6A 1.231 

Difference between the base-emitter voltages of the two transistors 

at Vop = -14V, le = 30mA <35 mV 
Ven = OV, Ic = 6A < 300 mV 


OPERATING NOTES 


1. 


Dissipation and heat sink considerations 
The maximum total dissipation Pio. max. = (Vcr x Ic)+ (Vise x In), is given 
by the relationship:— 
Tj max.—Tamp 
Om + Oi+ On 


Where 0m+ i+ On is equal to 0; amp. 
The various components of 6; amp are illustrated below: 


Prot max, = 


Junction temperature 
ry 


Oj-caxe oat 1.5°C/W 
4 Case temperature 
A 

#9, = 0.5°C/W 

+6; = 0.2°C/W 
; Chassis (heot sink) temperature 
ry 

6h 


y Ambient temperature 


Fig. 3 


*When mounted with a metal washer 0.127mm thick and a mica washer, or 
with a mica washer only and silicone grease, 0; = 0.5°C/W. This value applies 
when the transistor is bolted down evenly on a flat heat sink. The metal 
washer is advantageous in taking up any irregularities in the heat sink 
surfaces. 


tWhen mounted directly on the chassis with a thin film of silicone grease 
between the contacting surfaces, (; = 0.2°C/W. This value applies when 
the transistor is bolted down evenly on a flat heat sink. 


, depends on the cooling conditions under which the transistor is used, 
i.e, dimensions, position and surface conditions of heat sink, etc. An air- 
cooled heat sink (7in. x 7in.x 1/16in. blackened aluminium) will have a 
value of 0, = 2.2°C/W. 
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0C28 JUNCTION TRANSISTORS 


Series 


0, can be determined for a given collector dissipation and ambient tempera- 
ture by measuring the case temperature. 


On = Jess Tens we 6;°C/W 


tot 


The following example illustrates the temperatures which occur at various 
points on the transistor at pc = 10W, Tj = 90°C, Un = 2.2°C/W. 


Ty; = 90°C 
Tease = 90-(10 1.5) = 75°C 
Tnesieoas = 75-(10 x 0.5) = 70°C 


70-(10 x 2.2) = 48°C 


Tamb 


The suitability of any design can be checked by measuring, with a thermo- 
couple, the case temperature of the transistor operating at the selected 
collector dissipation and maximum ambient temperature. The point de- 
fined by the case temperature and the total dissipation must tie within 
the shaded area shown on the graph on page C10. If the point lies outside 
the shaded area the design is inadmissible and the dissipation must be 
reduced or the heatsink improved. The selected total dissipation should 
be the maximum attained by any transistor in the design being checked. 


2. Transistors may be soldered directly into the circuit but the heat conducted 
to the junction should be kept to a minimum by the use of a thermal shunt. 


3. Transistors may be dip soldered at a solder temperature of 240°C for a 
maximum of 10 seconds up to a point 2mm from the seal. 


4. Care must be taken to ensure good thermal contact between the transistor 


and heat sink. Burrs or thickening at the edges of the four holes must be 
removed and the transistor bolted down on a plane surface. 


MECHANICAL DATA 
Dimensions — see page D8. 


: JS 0.66 oz 

Average weight 1186 9 g 
ACCESSORIES 
Accessories must be specifically ordered. 
Accessory Code No. Notes 

2 insulating bushes 56201a Obtainable in packs for 
1 mica washer 562016 10 or 100 transistors. 
1 metal washer 56214 
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JUNCTION TRANSISTORS 0028 


Series 


Transistor 


20°3 max 
f 10:25 
10-9 26-2 a en } 


toO:25 max. 
| 12-0 


1-00 
+005 | 


39°5max 


Mica washer 


35 0-05 
+ 
4 
0-127 
a! 
“F 
: 30. ° Insulating bush 
\. O- o t 
3°5 4-5 
e c y 4 
p 75 “ 
b 
3°90+0:05 
3-10t0:05 


All dimensions in mm 
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JUNCTION TRANSISTORS 0C28 


Series 


geeoleae 


Common emitter 


140mA |-+ Sueeseuaa 
7 t 


f 


= ar 
fe} 
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> 
ae 
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i 
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i tt | 


uae 
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| | 
d 
| 
I 
| | ty 
t 
ff ty | 
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l 
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ft 


fees 
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ae 

H} 

Np 

Hs 

i > FT] 


Ee = 
a A —— th Hy HoH He & 
4 Hee f | 
Al Reeeeosasseeeetasestfassstiafacsitiios 
0 =10 =20 =30 Vee (V) 


OUTPUT CHARACTERISTIC FOR OC28. COMMON EMITTER 
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0028 JUNCTION TRANSISTORS 


Series 


9390 


}. 


sin nen Ben 


EEE 
CCC 


Common emitter 


heme 
fle 


OUTPUT CHARACTERISTIC FOR OC29. COMMON EMITTER 
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JUNCTION TRANSISTORS 0C28 


e 
Series 
I [| oc35s 9388 
Cc I= 200mA 
(A) 
Common emitter 
i8OmA Tj =45°C 
5 
16OmA { ml 
ial 
140mA mm! 
4 
12O0mA 
100mA 
3 
8OmA 
60MA 4 
2 
= {ft 
40mA 
Reoscobane 
cr 
oct : 
20mA 
is I eC 
tt TTT Ht 
re) 1a 
fo) ~10 —20 ~30 Vee (¥) 


OUTPUT CHARACTERISTIC FOR OC35. COMMON EMITTER 
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0028 JUNCTION TRANSISTORS 


_ 
{a 
Corr | 
Poo -EELEE 
i eS Pitty Eee i 
casi SOeSSeenReRe et 
LolPereeet ttt pee pete ee 
0 =10 =20 =30 Vee (V) 
ce | 


OUTPUT CHARACTERISTIC FOR OC36. COMMON EMITTER 
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0028 


JUNCTION TRANSISTORS 


Series 


(wu) 8] 002 00} fe) 
0 TT TTT TL Lh in 9) 
CEE EEE AHH +H 
inRes ie | | | tt 
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-++ - to + aris +44 sh tfy 
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+4 +4 phy + 
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(ww) ma see a8 =e t = iT eck lf acl 
i a aly t+ Eee ett TH 
fe) a +44 | 
aslo, = i te Le enone Lipa a tL 
: ia 4. . 
ms mie " } 4 a ee mse 
te a i a7 An ; i 
on HAA fo 
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fom ow ie) Ay | 
q 4 - por a: © a tea 
@ + to se oe Ce aa 
{ ul i i i it { 
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TRANSFER AND INPUT CHARACTERISTICS. COMMON EMITTER 
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JUNCTION TRANSISTORS 


00228 


TjC°C) 


EEE 


aad 
canes 


s 
Bea 


mae 


50 


25 


VARIATION OF MAXIMUM EMITTER-BASE CUT-OFF VOLTAGE. WITH 


JUNCTION TEMPERATURE 
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JUNCTION TRANSISTORS 0C28 


Te OC28 P71 183672 


+1 Permissible area of 

CEEECE] operation under all 
lll TT conditions of base 

drive. 


8&0 


For operation in this region 
the circuit must de capabie 
“| Of providing reverse 

|_| current bias. 


40 


20 


enataest 


0 -20 -40 -60 -80 Vee(v) 
COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM 
COLLECTOR-EMITTER VOLTAGE. OC28 
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JUNCTION TRANSISTORS 


Permissible area o 
operation under all 


I} For operation in this region 


the circuit must 


of providing reve 


current bias. 


be capable 
rse 


-20 AO -60 


80 Veg (V) 


COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM 
COLLECTOR-EMITTER VOLTAGE. 0C29, OC35 
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JUNCTION TRANSISTORS 0C28 


Series 


—>T¢ 0c36 B3674 
(A) 


TT 

2 z a aoe 

: | Permissible area of mt ae 
TLL] operation under all T 


conditions of base 
drive. 


Peery 


++ 


For operation in this region -7 71] 


the circuit must be capable [| 1) 
of providing reverse 


eT TEER 
im : 
aR 
rt i | H 
aaa e 
[e] -20 -40 -60 -6 


COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM 
COLLECTOR-EMITTER VOLTAGE. OC36 


Mullard 


O0C28 Page C9 


0C28 JUNCTION TRANSISTORS 


Series 


9037 
i 
t+ 
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80 


60 


r) 
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nN 
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MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST CASE TEMPERATURE 
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JUNCTION TRANSISTORS 


10 


oO 


re) 


VARIATION OF Icgo WITH JUNCTION TEMPERATURE. OC28, OC36 
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0C28 JUNCTION TRANSISTORS 


Series 


oe 


VARIATION OF Icpo WITH JUNCTION TEMPERATURE. OC29, OC35 
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JUNCTION TRANSISTORS 0C28 


Series 


Tey 
cs 
H 
: 
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tf 
i 
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: 
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40 
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MAXIMUM PERMISSIBLE COLLECTOR-EMITTER VOLTAGE PLOTTED 
AGAINST RATIO OF Ra/Rz 
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JUNCTION TRANSISTORS 


Mullard 


TYPICAL VARIATION OF Icern WITH RATIO OF Rp/Rg 


0028 
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SILICON N-P-N 2N | 6 | 3 


PLANAR TRANSISTOR 


Silicon n-p-n double diffused planar transistor designed for a wide variety 
of applications including d.c. amplifiers, high speed switching and high 
speed amplifiers. 


QUICK REFERENCE DATA 


Von max. Cy =9) +75 Vv 
Veg max +30 Vv 
I, max. 500 mA 
Pop MAX (Tap 72> ©) 800 mW 
Tie Oy 150mA, Vop*10V) 40 - 120 

fn typ. (,=50mA, Vogt ttov, £=20Mc/s) 60 Mc/s 


OUTLINE AND DIMENSIONS 


A 
Conforming to J.E,D.E.C. TO-5 B a 
e c —. 
b 
Collector connected to envelope 
Millimetres Millimetres 
Min. wom, Max, Min. Nom, Max. 
A 8,64 8.9 9.4 F 38 - - 
B 7.75 8,15 8,50 G - 0.45 7 
Cc 6,10 6,35 6.60 +H - 0.4 = 
D - 5.08 - J 0.74 0.85 1,01 
E 0.71 0.79 0. 86 *Thickness of locating tab. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


tv CER Ban =109) 


CEO 
I cM max 
oO 
ies max. T, 49725 C 
T _-=100°C 
ase 
fe) 
Tomb”? Cc 
Thermal 
TT. min, 
stg 
T max. 
stg 


TT, (operating range) 


+75 Vv 
+50 Vv 

+7.0 Vv 

+30 Vv 

500 mA 

3.0 Ww 

1,7 W 

0.8 Ww 

-65 °c 

200* °C 

~ 65 to +200 °C 


*See Soldering and Wiring Recommendation No, 4. 


THERMAL CHARACTERISTIC 


Reng ~case) 
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SILICON N-P-N 2NI613 


PLANAR TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Tol =25°C unless otherwise stated) 


b 
Min. Max. 
fI CBO Collector cut-off current 


Vop=60V, ee - 10 nA 


Vop 7 60V, 1, =0, 


Oo 
Tan 7280 C - 10 uA 


Tp oO Emitter cut-off current 


Vip 15. 0V, 1,70 - 10 nA 


Collector-base breakdown 
voltage 


I cn 100pA +75, - Vv 
Emitter-base breakdown 
voltage 


Tp =100uA, 1, =0 
Collector-emitter voltage 
< = - 
Ror =102, I, 10mA +50 Vv 
(See note 1) 


VpR(cBo) 


VRB) 


'V CER (at) 


f 


Collector-emitter saturation 
voltage 

I, =15mA, 1,7150mA - 41,5 v 
(See note 1) 


VoK(sat) 


tv Base-emitter saturation voltage 


BE (sat) 


1, 7lbmA, 1, =150mA 


(see note 1) - +1,3 Vv 


Th Large signal forward 
FE 5 
current transfer ratio 


1,=150mA, Vop 7 10V 40 120 
(See note 1) 

= =? 2 = 
7s 500mA, Vor OV 0 
(See note 1) 
1,=10mA, Vor 7 1OV 35 - 
(See note 1) 
1,=10mA, Vor 


te) 
T nee C, (See note 1) 20 ~ 


=10V, 
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Switching time 
1,=50mA, Vag a) ati. ov, 
Vyp (off) =+1.0V, Gee Fig. 1) = 


Small signal forward 
current transfer ratio 


1,=1.0mA, Vop =: 0V 30 

1,=5.0mA, Vog = 10V 35 
Input impedance 

1,=1.0mA, Vop™o 0V 24 

1,=5,0mA, Vop = lov 1.0 


Voltage feedback ratio 
I,=1.0mA, V_.., =5.0V - 


Cc CB 

1,=5.0mA, Vop lov - 
Output admittance 

1,=1.0mA, Voz =5- OV 0.1 

1,=5.0mA, Vop=i0V 0.1 


High frequency current 
transfer ratio 


Iq =50mA, Vor =10V, 

f£=20Mc/s 3.0 
Output capacitance 

1,=0mA, Vop lov = 
Input capacitance 

1, =0mA, Vip 7 028V - 


Noise figure 


f£=1000c/s, R,=5102, 


1 cycle bandwidth - 


TI,E.D.E,C, Registered Data. 


NOTE 


30 


0.5 
1.0 


25 


80 


12 


ns 


pF 


pF 


1, Measured under pulsed conditions to prevent excessive dissipation 
P.W, =300us, duty cycle =1%. 
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SILICON N-P-N aN 16 | 3 


PLANAR TRANSISTOR 


SOLDERING AND WIRING RECOMMENDATIONS 


1, When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


2, Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds, The case temperature during 
soldering must not at any time exceed the maximum storage temperature, 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


3, Care should be taken not to bend the leads nearer than 1.5mm from the 
seal, 


4, After storage at temperatures greater than 125°C it may be necessary 
to take precautions in order to ensure adequate solderability of the 
leads. 
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SWITCHING CHARACTERISTIC MEASUREMENT CIRCUIT 


-50V +20V 
10K 
47kO. Sampling 
oscilliscope 
A 
10nF 
Ceramic 
disc 10kQ 5W 
100N 100N 
15Nns 
v7 r +20V 
0) 
A +18V— 
wave form at A wave form at ‘B’ 


from pulse generator 
(<1ns rise time) 
(<1ns fall time) 10°/o 


tq+tre te 
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2N1613 


PLANAR TRANSISTOR 


SILICON N-P-N 


& 
a 
& 


MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST AMBIENT 


TEMPERATURE 
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS 
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SILICON N-P-N | 2N 1613 


PLANAR TRANSISTOR 
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TYPICAL OUTPUT CHARACTERISTIC 
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2N1613 


SILICON N-P-N 
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PLANAR TRANSISTOR 


CURRENT AS PARAMETER 


TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST JUNCTION TEMPERATURE WITH COLLECTOR 
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED 
AGAINST COLLECTOR CURRENT WITH JUNCTION TEMPERATURE 
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SILICON N-P-N 2NI613 


PLANAR TRANSISTOR 
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TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST COLLECTOR 
CURRENT 
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SILICON PLANAR 
N-P-N TRANSISTOR 2N 711 


Silicon n-p-n double diffused planar transistor designed for a wide variety 
of applications including d.c. and wideband amplifiers. 


QUICK REFERENCE DATA 


7 =0 
max a, ) 


: 
max, (Ry, =10) 


1.0 


max. (T._, =25°C) 800 
am 


b 
=150mA, V 


Pie 


=+ 100 - 
hig Com 10V) 0 300 


CE 


OUTLINE AND DIMENSIONS 
Conforming to J.E.D.E.C. TO-5 


Millimetres 

Min. Nom. Max. 
A 8.64 8.9 9.4 
B 7.75 8.15 8.5 
Cc 6.1 6.35 6.6 
D - 5.08 - 
E 0.71 0.79 0.86 
F 38 = - 
G - 0.45 - 
H - 0.4 cd 
Jd 0.74 0.85 1.01 


Collector connected to envelope 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
= + 
fV apo max: Oy =) 15 Vv 
< + 
Von max (Ry p =109) 50 Vv 
= +7, 
TV apo Max =O) 7.0 Vv 
= + 
Voro Max My =0) 30 Vv 
TI cm ™2x- : 1.0 A 
TP, . max. T =25 C 3.0 WwW 
tot case 6 
T =100 C 1.7 WwW 
case 
T =25'C 800 mW 
amb 
Temperature 
: ° 
iT, ee min. -65 2 
T max. 200* 6 
stg ‘s 
1m, (operating range) -65 to +200 Cc 
*See Soldering and Wiring Recommendation No.4. 
THERMAL CHARACTERISTICS 
te, -2oue 58.3 degC/W 
1S arab 219 degC/w 
ELECTRICAL CHARACTERISTICS (Tan 23 © unless otherwise stated) 
Min. Max. 
71 CBO Collector cut-off current 
Vop 7 O0V, 1,70 ‘ - 10 nA 
Vop SOV; 1,70, Tamb 22? Cc = 10 HA 
7I Emitter cut-off current 
EBO i. ’ 
Vip 2:0V> 1,70 5.0 nA 
Var (CBO) Collector -base breakdown 
voltage 
T= 100A, 1,,=0 +75 - Vv 
Wor (EBO) Emitter -base breakdown 
voltage 
= = +! = 
1,,=100HA, 1,=0 7.0 Vv 
TV Collector -emitter sustaining 
CEAieuey voltage (See note 1) 
< = + = 
Ror 102, Ia 100mA 50 Vv 
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SILICON PLANAR 
N-P-N TRANSISTOR 


TV 


TV. 


fh 


CE(sat) 


BE(sat) 


FE 


Collector-emitter saturation 
voltage (See note 1) 
I, =15mA, las 150mA 


Base-emitter saturation 
voltage (See note 1) 
I, =15mA, la =150mA 


Large signal forward 
current transfer ratio 


1,=500mA, Vog =10V 


(See note 1) 


1,=150mA, Vog = 10V 


(See note 1) 


1,=10mA, Vog 7 10V 


(See note 1) 
1,=10mA, V va =10V, 


CE 
T bp © 
1,=0.1mA, Viog = 10V 
1,70. OlmA, V cE )OoV 


Small Signal characteristics 


fh 


fh 


fh 


fe 


ib 


rb 


Small signal forward 
current transfer ratio 
I, 1.0mA, V_,,=5.0V, 


f=1.0ke/s 
Input impedance 
1,=1.0mA, Vos =5.0V, 
f£=1.0kc/s 

=5.0mA, V 10V, 
ly ™. 


cB 
f=1.0ke/s 


Voltage feedback ratio 
1,71.0mA, Vop5-0V; 
f=1.0ke/s 

1,75. .OmA, Voze 10V, 
f=1.0ke/s 


Mullard 


Min. 


100 


75 


35 
35 
20 


50 


70 


24 


2NI7II 


Max. 
41.5 Vv 
41.3 Vv 
300 
200 
300 
34 Q 
8.0 2 
5.0 x10 + 
5.0 x10 4 
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fh 


fh 


te 


Te 


ob 


fe 


ob 


ib 


Min. Max. 


Output admittance 
IQs 1.0mA, Vope 


f=1.0kc/s 0.1 0.5 ypmho 
1,=5.0mA, Vop= lov, 
f=1.0ke/s 0.1 1.0 pmho 


5.0V, 


Small signal forward 
current transfer ratio 
1,=50mA, Vog lov, 


f£=20Mc/s 3.5 - 


Output capacitance 
1,70, Vop OV = 25 pF 
Input capacitance 


1570, Vag 70.6V = 80 pF 


TNF Noise figure 


1,7 0.3mA, Vag 
f=1.0ke/s, R,=5109, 


1 cycle bandwidth - 8.0 dB 


=10V, 


TJ,E,D,E,C, registered data 


NOTE 
1. 


Measured under pulsed conditions to prevent excessive dissipation pulse 
duration =300us, duty cycle<1%. 


SOLDERING AND WIRING RECOMMENDATIONS 


1. 


When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


Transistors may bedip-soldered at a solder temperature of 245°C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed tha maximum storage tem- 
perature. These recommendations apply to a transistor mounted flush 
on a board having punched-through holes, or spaced at least 1.5mm 
above a board having plated-through holes. 


. Care should be taken not to bend the leads nearer than 1.5mm from the 


seal. 


. If devices are stored above 100°C before incorporation into equipment, 


some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads shovld be retinned using a suitable activated flux. 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2N2297 


Silicon n-p-n epitaxial planar transistor intended for large signal h.f, and 
v.h.f. amplifier applications. 


QUICK REFERENCE DATA 


Vor max, a, =0) 


Vv CE max, 


I, max. 


fe} 
Prot Max: (Torah =25 ©) 


Dag Ugg =150MA, Von =410V) 


FE "CM 
f,, min. (I =+10V, £=20Mc/s) 


T 7 50mA, Vv 


CE 


OUTLINE AND DIMENSIONS 
Conforming to J.E.D.E.C. TO-5 


e c 
b 
Collector connected to envelope 
Millimetres Millimetres 

Min, Nom, Max, Min. Nom. Max. 
A 8,64 8.9 9.4 F 38 - - 
B 7,75 8,15 8.50 G - 0,45 - 
Cc 6.10 6,35 6.60 +H - 0.4 - 
D - 5, 08 - J 0.74 0.85 1.01 
E 0.71 0.79 0.86  *Thickness of locating tab. 
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RATINGS 


Limiting values of operation according to the absolute maximum system, 


Electrical 
tv cp m3 a, =0) +80 Vv 
tv cE ma a, =0) +85 Vv 
TV pp max. 1,0) 47.0 Vv 
Wg max. 1.0 A 
+P, max. T —_=25°C 5.0 w 
tot e 
T _=100°C 2.8 Ww 
case 
Tomb” 25°C 0.8 Ww 
Thermal 
é [0] 
Tag min, ~65 Cc 
oO 
a 
Top MAX: 200 Cc 
17, max. (operating) 200 °c 


*See Soldering and Wiring Recommendation No. 4. 


THERMAL CHARACTERISTICS 
{Derating factor at T =25°C 28.6 mW/degC 
case 


T | =25°C 4.6 mW/degC 
amb 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2N2297 


ELECTRICAL CHARACTERISTICS (T =25°C unless otherwise stated) 


Min. Max, 


amb 


tl Collector cut-off current 


CBO 
Vop7t60V, 1,=0 - 10 nA 


Von =*60V, 1-9 


Ts mb 7 150 - 10 pA 
5 Emitter cut-off current 
Veg => OV; 1,=0 - 10 nA 
V cEo(eust.) Collector~emitter sustainirig 
voltage 
1,=30mA (See note 1) 35 - Vv 
tT 


Collector-base breakdown 
voltage 


Iq =100pA, Li =0 80 - Vv 


Emitter-base breakdown 
voltage 


1,7 100pA, 1,=0 7.0 - Vv 


Collector-emitter saturation 
voltage 
1,=150mA, 1, =15mA - 0.2 Vv 
1,=1.0A, 1, =100mA - 1.0 Vv 
(Bee notes 1 and 2) 


TV. Base-emitter saturation 
BE (sat) vol 


1,=1.0A, 1, 7100mA - 1.6 Vv 
(See notes 1 and 2) 


Large signal forward 
current transfer ratio 


1,=150mA, Vog 710V 40 120 
(See note 1) 

1,710mA, a 
(See note 1) 
1,=1.0A, Vog = 10V 15 ~ 


Cc 
(See note 1) 
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Min, Max. 
Transition frequency 


T = = 

Ia =50mA, Vor =+10V, 

£=20Mc/s 60 - Mc/s 
te, Output capacitance 

Vop@lOV, 1,70 - 12 pF 
Teo, Open-circuit input capacitance 

1,70, Vip = 9 5V - 80 pF 
tr, 1c, Collector-base time constant 

Iq =10mA, Vop=t0V, 

f=4. 0Mc/s - 800 ps 


TJ,.E.D.E.C. Registered Data. 


NOTES 
1, 


2. 


Measured under pulsed conditions to prevent excessive dissipation, 
P.W, =300us, duty cycle =1%. 


Measured at a point on the lead =12.7mm (0.5in) from the seating 
plane of the transistor 


SOLDERING AND WIRING RECOMMENDATIONS 


1, When using a soldering iron, transistors may be soldered directly into 


np 


wo 


the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature . 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


Care should be taken not to bend the leads nearer than 1.5mm from the 
seal, : 


After storage at temperatures greater than 125°C it may be necessary 


to take precautions in order to ensure adequate solderability of the 
leads. 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2N2297 


T T 1 ‘ma F 
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2N2297 


SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 
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TEMPERATURE 
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2N2297 


SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 
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AS PARAMETER, 


TYPICAL BASE 
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COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE AS 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2N2297 


Veetsat) 
(v) 


TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED 
AGAINST COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE 
AS PARAMETER, I,/Ip=20. 
TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST 
COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE AS 
* PARAMETER, I,/Ip=20. 
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TYPICAL VARIATION OF h PARAMETERS WITH COLLECTOR CURRENT 
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2N2297 


SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 
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TYPICAL VARIATION OF h PARAMETERS WITH COLLECTOR-EMITTER 
: VOLTAGE 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2N2297 
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TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 


SILICON PLANAR 2N2369A 


EPITAXIAL N-P-N TRANSISTOR 


Silicon planar epitaxial n-p-n transistor primarily intended for high-speed 
saturated switching and high frequency amplifier applications. TO-18 
construction with collector connected to envelope. 


QUICK REFERENCE DATA ~~ 

Vv CBO max, 40 Vv 
Vv CEO max. 15 Vv 
I cM max. . 500 mA 
P . = 

tot ™* (lamb 0) oe ses 
T; max, 200 Cc 
h in. = =1, eS 

FE min Qa 10mA, Vor 1.0V) 40-120 
fn min. Q, =10mA, f=100MHz) 500 MHz 

: * = —i 4 1 

t max fy lL Tam 10mA) 3 ns | 


OUTLINE AND DIMENSIONS 
Conforming to J.E.D.E.C. TO-18 


Millimetres 

Min. Nom. Max. 
A - - 4.8 
B - = 5.33 
Cc 12.7 = od 
D - 0.43 - 
E - 1.0 cl 
F - 1.05 = 
G - 2.54 - 
H 5.3 5.55 5.8 


Connections i. Emitter 
2. Base 


3. Collector connected to envelope 
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{RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Vv max, (I, =0.01 to 10mA) 


lom max. (10us pulse) 


I . 
Cc max 


Temperature 


T in. 
a min 


T m 
stg 
T; max. 


aX. 


tTHERMAL CHARACTERISTICS 
‘ ° 
Derating factors Tomb 225 C 


T  =25°c 
case 


fELECTRICAL CHARACTERISTICS (Tal 


I 
CBO 2 
Vop =20V Je 
T =150 C 
amb 


=0, 


Tors 
current 


Vor =20V, Var =0 
-I Base current 


Vop = 20V, Ver? 


v 
Cree voltage 


T= l0uA, 1,=0 


Vv 
PRICES voltage 


=10 =’ 
Eg Mis Ving 8 


7 J.E.D.E.C. registered data. 
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$ 
Oo 
ee Ee oe 


2.06 mW/degC 
6.85 mW/degC 
=25°C unless otherwise stated) 
Min, Max, 


b 


Collector cut-off current 


Collector -emitter cut-off 


Collector -base breakdown 


40 - Vv 


Collector -emitter breakdown 
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SILICON PLANAR 2N2369A 


EPITAXIAL N-P-N TRANSISTOR 


Min. Max, 


Emitter -base breakdown 
voltage 


Lb =10yA, I 


V BR)EBO 
=0 4 ‘ = 
Cc 5 Vv 
¢ eon ee 
Vv CEO(sust) Coliector-emitter sustaining 
voltage 


1, =1lomA, 1,70 15 = Vv 


h *Large signal forward current 
FE 3 
transfer ratio 


= =1. 4 
1,=10mA, VQ,.=1.0V 0 120 


Ig=lomA, VQ,=0.35V, 
T | =-55°C 20 7 
amb 


= =0.4 s 
Ta 30mA, Vor 0.4V 30 


1_,=100mA, V=1.0V 20 - 


Collector -emitter saturation 

voltage 

1,=10mA, 1, =1-0maA - 0.20 Vv 

eae ia 

T =125 C - 0.30 Vv 
amb 

1,=30mA, 1, 73-0mA - 0.25 


VoK(sat) 


< 


= =10 - 0. 
1,7100mA, I,, =10mA 50 Vv 


Ver(sat) Base-emitter saturation 
voltage 


= 1. .70 8 
ly 10mA, I, 1.0mA 0.7 0.85 Vv 


cr aeacae oe a ; 
T =125°C 0.59 cod Vv 
amb 
1, =10mA, 1, =1.0mA 
ee es ° = 
ena 55°C 1.02 Vv 
1,=80mA, 1, 73-0mA - 1.15 


< 


1,=100mA, 1, 710mA = 1.60 Vv 


f, Transition frequency 


Vog l0V, 1, =10mA, 


f=100MHz 500 i MHz 


*Measured under pulsed conditions to avoid excessive dissipation, pulse 
width= 300us duty cycle =2%. 
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Min. Max, 


Collector capacitance 


Von 5-0V> 1, A170 


f=140kHz = 4.0 pF 


“te 


t Storage time (see fig.1.) 
1,71, = py 7 lomA - 13 ns 
Turn-on time (see fig.2.) 


1,=10mA, 1, 73-0mA - 12 ns 


on 


tore Turn-off time (see fig.2.) 
T,=lomA, 1, =3.0mA, 


Tim =1,.5mA - 18 ns 


SOLDERING RECOMMENDATION 


{Max. T. d 1/16" from case for 60 seconds is 300°C. 


lea 
jJ,E.D.E.C. registered data 
STORAGE TIME TEST CIRCUIT 


+ 6V hy - — - - 10%. Pulse 
waveform 
at point A 


Vin Rise time less 
than Ins 

tp 2300 ns 

Duty cycle<2%. b— te — 


Input and output waveforms 
Fig. 1 


~ 
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SILICON PLANAR 2N2369A 


EPITAXIAL N-P-N TRANSISTOR 


t ANDt TEST CIRCUIT 
on off 


O-1pF Vv, 


out 


{e} 
Vin Rise time less 
than Ins 
tp = 300ns 
Duty cycle < 2%. 


Input ond output woveforms 
Fig. 2 


Circuit conditions: 
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P-N-P SILICON PLANAR 2N2904 
EPITAXIAL TRANSISTORS 2N2904A 


P-N-P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 
service. 


QUICK REFERENCE DATA 
2N2904 2N2904A 


max. (-I_,_ <100m4A) 


Cc 


J : 600 
c max 


eat . (Emmis 


- max. 200 
h I= a = = 
FE ( Ty 150mA, Vor 10V) 40-120 


f,, min. (-[,=50mA, f= 100MHz) 200 


=25°C) 600 


=150mA, 


t_ max, (-I 
s 


cs 


+A gy = 15mA) 


Unless otherwise stated data is applicable to both types 
OUTLINE AND DIMENSIONS 


Conforming to B.S. 3934 SO-3/SB3-3A 
J.E.D.E.C. TO-5 


Millimetres 
A Min. Nom. Max. 
[a A 8.64 8.90 9.40 
B 1.75 8.15 8.50 
fi Cc 6.10 6.35 6.60 
i D - 5.08 - 
E 0.71 0.79 0.86 
F 38 - - 
483A ¢ G - 0.45 - 
iL, ; H - 0.4 - 
‘a J 0.74 0.85 1.0 


em 


Collector connected to envelope 
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RATINGS 
Limiting values of operation according to the absolute maximum system. 


Electrical 
t-V CBO max, 60 v 
t-v max. (-I_,=0 to 100mA) 2N2904 40 Vv 
Eko ss 2N2904A 60 Vv 
1-Viepo max, 5.0 Vv 
y-1 c max, 600 mA 
° 
Prot MAX: (Tamp 72> © 600 mW 
{Temperature 
T, min. 65 °c 
stg ‘ 
T.. max. 200 Cc 
stg Ps 
T, max, 200 Cc 
THERMAL CHARACTERISTIC 
8; ani 292 degC/w 
TELECTRICAL CHARACTERISTICS (T amb 25°C unless otherwise stated) 
Min. Max. 
-I CBO Collector cut-off current 
-V cB" 50V, I, =0 2N2904 - 20 nA 
2N2904A - 10 nA 
Vop Batt I =0, 
T mb =150 C 2N2904 - 20 pA 
2N2904A - 10 pA 
= CEX Collector-emitter cut-off 
current 
Voge 730V, Vor 70-5V - 50 nA 
I Base current 
BEX a = 
Vop = 80V, Wor 0-5V - 50 nA 
-V (BR)CBO Collector -base breakdown 
voltage 
“T= 1OpA, 1,70 60 7 Vv 
= * i 
V (BR)CEO Collector-emitter breakdown 
voltage 
a, =10mA, I =0 2N2904 40 - Vv 
2N2904A 60 - Vv 


*Pulse condition, pulse width =300us, duty cycle =2%. 
{J.E.D.E.C, registered data. 


Mullard 


2N2904 -Page D2 


P-N-P SILICON PLANAR 2N2904 


EPITAXIAL TRANSISTORS 2N2904A 
Min, Max, 
-V Emitter -base breakdown voltage 
Eee 1,=10uA, 1,80 5.0 . v 
-V CE(sat) *Collector-emitter saturation voltage 
I, =150mA, -I,=15mA - 0.4 Vv 
1,=500mA, 1, =50mA ~- 1.6 Vv 
-V. *Base-emitter saturation voltage 
os ie ae 7 150mA, -1,=15mA a 13 #V 
1,=500mA, 1, =50mA - 2.6 Vv 
bor Static forward current transfer 
ratio 
1, =0.1mA, Vop710V 2N2904 20 - 
2N2904A 40 - 
J Cc =1,.0mA, -V CE =10V 2N2904 25 - 
2N2904A 40 - 
J c =10mA, -V CE =10V 2N2904 35 - 
2N2904A 840 7 
*J = - = 
J c 150mA, -V CE 10V 40 120 
*da =500mA, Vor =10V 2N2904 20 - 
2N2904A 40 - 
Coy Common base, open circuit 
output capacitance 
Vog= lv, 1,70, f=100kHz - 8.0 pF 
co Common base, open circuit 
input capacitance 
Von 2-0V; 1,70, £=100kHz - 30 pF 
fp Transition frequency 
Vor =20V, 1, =50mA, 
f=100MHz 200 - MHz 


*Pulse condition, pulse width =300us, duty cycle =2%. 
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Switching characteristics 


Max. 
Turn-on (see Fig.1) 
Voc =30V, Tig =150mA, 4° 15mA 

t ‘d Turn-on delay time 10 ns 
t. Rise time 40 na 

Turn-on time (t, + t_) 45 ns 

on d r 
Turn-off (see Fig. 2) 
2 = J = I =H = 
Voc 6V, Tog 150mA, 1, IM 15mA 
ts Storage time 80 ns 
t Fall time 30 ns 
i + 
tore Turn -off time «, t) 100 ns 
TEST CIRCUITS 
~-30V 
2000 
297500 . 
pr.f=150p.ps. To oscilloscope 
trs 2ns tr < Sas 
Input 1k. Zjn=10MO. 
0 
~16V 
<i beak ron 
B6694 


Fig.1 


Test circuit for determining delay, rise and turn-on time 
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P-N-P SILICON PLANAR 2N2904 
EPITAXIAL TRANSISTORS 2N2904A 


trout Zo=50N 
prf:15O0pps : 
t,< 2ns To oscilloscope 
tr < Sns 
0 Zin =10MN 


Beest 
Fig.2 


Test circuit for determining storage, fall and turn-off time 


WAVEFORMS 


Output 
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2N2904 
2N2904A 


P-N-P SILICON PLANAR 


EPITAXIAL TRANSISTORS 
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS 
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TYPICAL.TRANSFER, MUTUAL AND INPUT CHARACTERISTICS 
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2N2904 
2N2904A 


P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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TYPICAL OUTPUT CHARACTERISTICS 


TYPICAL OUTPUT CHARACTERISTICS 
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P-N-P SILICON PLANAR 2N2905 
EPITAXIAL TRANSISTORS 2N2905A 


P-N-P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 
service. 


QUICK REFERENCE DATA 
2N2905 2N2905A 


-J_, max. 600 
=25°C) 600 


Cc 


Pot max, (Ts mb 


a max. 200 
Dor (-1,=150mA, ~Vop =10V) 100-300 


f,, min. (-I,=50mA, f=100MHz) 200 


Cc 
t. max, (Tg =150mA, 


+4 = 
13M 15mA) 


Unless otherwise stated data is applicable to both types 


OUTLINE AND DIMENSIONS 


Conforming to B.S. 3934 SO-3/SB3-3A 
J.E.D.E.C, TO-5 


Millimetres 

A Min. Typ. Max. 
A 9.10 - 9.39 
B 8.2 - 8.50 
Cc 6.15 - 6.60 

D - 5.08 - 
E 0.71 - 0.86 
F1 = - 0.51 

F2 12.7 - - 

F3 38.1 - 41.3 

G1 - - 1.01 
G2 0.41 - 0.48 
G3 - - 0.53 

- 0.4 - 
Collector connected to envelope J 0.74 - 1.01 
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TRATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


-V max. (-I c =0 to 100mA) 2N2905 


2N2905A 


dy max, 


=on?, 
Prot max. (Ts mb 25 C) 


Temperature 


T. max, 
) 


TTHERMAL CHARACTERISTIC 


© amb 
ELECTRICAL CHARACTERISTICS (T mb =25°C unless otherwise stated) 
Min. 
-I CBO Collector cut-off current 
~Vop=50V, 1,70 2N2905 - 
2N2905A - 
wep he =0, 
Tomb =150 C 2N2905 - 
2N2905A - 
-I CEX Collector-emitter cut-off 
current 
- = +r = - 
Vor 30V, VBE 0.5V 
I Base current 
BEX 
Vor =30V, Wor 70-5V - 
-V (BR) CBO Collector-base breakdown 
voltage 
-1,=10pA, 1, =0 60 
- * - 
Vv (BR) CEO Collector-emitter breakdown 
voltage 
“I,=10mA, 1,70 2N2905 40 
2N2905A 60 


tJ. E.D.E.C, registered data 
*Pulse condition, pulse width =300us, duty cycle =2%. 
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Max, 
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P-N-P SILICON PLANAR 2N2905 


EPITAXIAL TRANSISTORS 2N2905A 
Min. Max. 
-V Emitter-base breakdown voltage 
(BR)EBO eS 7 
1,7 10uA, I, ft) 5,0 Vv 
-V *Collector-emitter saturation voltage 
CE(sat) _ ox 
-1,=150mA, 1, =15mA - 0.4 v 
“1, =500mA, I, =50mA - 1.6 v 
-V *Base-emitter saturation voltage 
BEIGAS oTiS0mA, -I,=15mA 3 13 #V 
“1, =500mA, “I, =50mA - 2.6 Vv 
h Static forward current transfer 
FE F 
ratio 
-I_,=0.1mA, -V =10V 2N2905 35 - 
c ce 2N2905A 15 - 
-I_,=1.0mA, -V =10V 2N2905 50 - 
e cf 2N2905A 100 - 
-1,=10mA, Vor =10V  2N2905 75 - 
2N2905A 100 - 
eo = - = 
Ty 150mA, Vor 10V 100 300 
*-1,7500mA, Vor =10V 2N2905 30 - 
2N2905A 50 - 
Cc Common base, open circuit 
ob ‘ 
output capacitance 
-Vog=loV, 1, =0,£=1L00kHz - 8.0 pF 
Cc, Common base, open circuit 
ib , : 
input capacitance 
+ = = = - 
Veg 7 2-0V) Ig 0, £=100kHz 30 pF 
fy Transition frequency 
~Vog=20V, -1,=50mA, £=100MHz 200 - MHz 


*Pulse conditions, pulse width=300yA, duty cycle =2%. 
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Switching characteristics 


Max 
Turn-on (see fig.1) 
Voc =30V, Tag =150mA, I, =15mA 
t d Turn-on delay time 10 ns 
t. Rise time 40 ns 
Turn-on time (t,+t_) 45 ns 
on d r 
Turn-off (see fig. 2) 
= = ee = -T_ =H4 = 
Voc 6.0V, log 150mA, I, I 3M 15mA 
tS Storage time 80 ns 
t Fall time 30 ns 
= i + 
t oft Turn-off time (t, t) 100 ns 
TEST CIRCUITS 
-30V 


2000 
Z =50N. 
pr.f=150p.ps. To oscilloscope 
tr< 2ns tr< Sns 
el Zjn=10MN. 
fe) 
—-16V 
a ae oa 
B6é694 


Fig.1 


Test circuit for determining delay, rise and turn-on time 
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P-N-P SILICON PLANAR 2N2905 
EPITAXIAL TRANSISTORS 2N2905A 


Z9=50N 
Input ar t215Opps To oscilloscope 
th< 2ns tr < Sns 


Zin=10MN 


: ° 


Fig. 2 
Test circuit for determining storage, fall and turn-off time 


WAVEFORMS 


90%e 


Fig.3 
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P-N-P SILICON PLANAR 2N2906 
EPITAXIAL T 
RANSISTORS 2N2906A 


P-N-P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 
service. 


QUICK REFERENCE DATA 
2N2906 


2N2906A 


j 
bag (1,=150mA, -V 


or )0V) 
fp min, (-I ce 50mA, f= 100MHz) 200 MHz 
t, max. (log 150mA, 
- st = 
I, Iam 15m4A) 80 ns 


Unless otherwise stated data is applicable to both types 
OUTLINE AND DIMENSIONS 


Conforms to J,E,.D.E.C. TO-18 
B.S. 3934 SO-12A/SB3-6A 


Millimetres 

Min. Typ. Max. 
A 4,53 - 4.8 
B 4.66 = 5.33 
Cl - = 0.51 
C2 12.7 = a 
C3 12.7 - 15 
D1 - - 1.01 
D2 0.41 - 0.48 
D3 2 = 0.53 
E 0.84 - 1,17 
F 0.92 - 1.16 
G oa 2.54 - 

Viewed from underside H 5.31 - 5.84 - 
Connections 1. Emitter 3. Collector connected to envelope 


2. Base 
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fRATINGS 


Limiting values of operation according to the absolute maximum system, 


Electrical 
~Vozo max. 60 Vv 
-V max, (-I_,=0 to 100mA) 2N2906 40 Vv 
CEO e 2N2906A 60 Vv 
“VERO max. 5.0 Vv 
nts max. 600 mA 
=9n° 
Prot max, (T nb 25 °C) 400 mW 
Temperature 
T.. min, -65 i 
stg 5 
T max, 200 Cc 
stg 
uy max. 200 9 


{THERMAL CHARACTERISTIC 


Os enh 0.44 degC/mW 
ELECTRICAL CHARACTERISTICS (Tab ai 25°C unless otherwise stated) 
Min. Max. 
-I CBO Collector cut-off current 
~Vap™ SOV, 1,70 2N2906 - 20 nA 
2N2906A - 10 nA 
Von ioe 1,70, 
Tamb =150°C 2N2906 - 20 pA 
2N2906A - 10 pA 
=] CEX Collector-emitter cut-off 
current 
- = + = > 
Vor 30V, VE 0.5V 50 nA 
I Base current 
BEX 
— = + = - 
Vor 30V, Vier 0.5V 50 nA 
-V (BR)CBO Collector-base breakdown 
voltage 
“T= 10nA, 1,70 60 - Vv 
~ * ee j 
V (BR)CEO Collector-emitter breakdown 
voltage 
“Qe 10mA, 1,70 2N2906 40 - vV 
2N2906A ~— 60 - Vv 


*Pulse condition, pulse width=300ys, duty cycle<2%. 
fJ,E.D.E.C. registered data. 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 


~V BR)EBO 


Vor (sat) 


“~VeK (sat) 


FE 


ob 


ib 


Emitter -base breakdown voltage 
a, =10pA, 1,70 


*Collector-emitter saturation voltage 
In =150mA, 4, =15mA 


are =500mA, 43° 50mA 


*Base-emitter saturation voltage 
I= 150mA, 4i,= 15mA 
Ty =500mA, 43 =50mA 
Static forward current transfer 
ratio 


at <0, - - 29 
Ty O.1lmA, Vor 10V 2N2906 


2N2906A 
-I_=1.0mA, -V___=10V 2N2906 
¢ cE 2N2906A 
-I_=10mA, -V__=10V 2N2906 
e cs 2N2906A 
* = eae = 
I= 150mA, -V,=10V 
*4_=500mA, -V_=10V 2N2906 
ee 2N2906A 


Common base, open circuit 
output capacitance 


Voge 10vV, 1,79, £=100kHz 


Common base, open circuit 
input capacitance 


Vion 2-0V, 1,79 f=100kHz 


Transition frequency 


Vg =20V, 1, 750mA, 


f=100MHz 


200 


*Pulse condition, pulse width =300us, duty cycle =2%. 
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2N2906 
2N2906A 


Max. 
= Vv 
0.4 Vv 
1.6 Vv 
1.3 Vv 
2.6 Vv 
120 
8.0 pF 
30 pF 
= MHz 
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Switching characteristics 


Max. 
Turn-on (see Fig.1) 
Vo 730V, Tgg=150mA, -1,=15mA 

t 4 Turn-on delay time 10 ns 

f. Rise time 40 ns 
i + 
to Turn-on time (¢ ‘d t) 45 ns 
Turn-off (see Fig. 2) 
Vog=8V) Ig, =150mA, “Ig =H yy = mA 

tS Storage time 80 ns 

ote Fall time 30 ns 

i + 
t off Turn -off time t, t) 100 ns 
TEST CIRCUITS 
~30V 
2000, 

Z)=500 ; 
pr.f=150p.ps. To oscilloscope 
tre<2ns tre Ss 
rs < 

ite oe Zin=10MO. 
in 
ie) 
-16V 
a L aie soe 
Fig.1 


Test circuit for determining delay, rise and turn-on time 
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P-N-P SILICON PLANAR 906 
EPITAXIAL TRANSISTORS nie 


Zo250N 
prf=1SOpps 
tp< 2ns 


oof 
{bm 


Input 


Fig.2 
Test circuit for determining storage, fall and turn-off time 
WAVEFORMS 


i 


: 
bas 


Fig. 3 86655) 
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P-N-P SILICON PLANAR 2N2907 
EPITAXIAL TRANSISTORS 2N2907A 


P-N-P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 
service. peer 


QUICK REFERENCE DATA ~ 
2N2907 2N2907A 

Vopo max, . 60. Vv 

~Voxo max: (1gs100mA) 40 60 Vv 

-I Cc max, 600 mA 
= fe) 

Pop max (Tomb 2) ©) 400 mW 

T, max. 200 °C 

hog (-1,=150mA, -VQ_= 10V) 100-300 

i min. (-I,=50mA, f= 100MHz) 200 MHz 

t. max, Clag* 150mA, 
he =+ = 
1,7 15mA) 80 ns 


Unless otherwise stated data is applicable to both types 


OUTLINE AND DIMENSIONS 


Conforms to J.E.D.E.C, TO-18 
B.S, 3934 SO-12A/SB3-6A 


Millimetres 
lhe oe Min, Typ. Max. 
| A 4.53 - 4.8 
; B 4.66 7 5.33 
. nae C1 - - 0.51 
ce WE cs C2 12.7 - - 
a i C3 12.7 - 15 
{TL D1 - - 1.01 
D2 0.41 = 0.48 
D3 - - 0. 
eee E 0.84 : 1.17 
F 0.92 7 1.16 
G = 2.54 - 
Viewed from underside H 5.31 - 5.84 
Connections 1, Emitter 3. Collector connected to envelope 


2. Base 
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TRATINGS 
Limiting values of operation according to the absolute maximum system. 


Electrical 
I ; 60 
V CBO max v 
-V max, (-I_,=0 to 100mA) , 2N2907 = 40 Vv 
CEO . 2N2907A 60 v 
Vero max. 5. 0 Vv 
ly max. 600 mA 
° 
Prot max. (Tomb 2 Cc 400 mw 
Temperature 
T___ min. ~65 °c 
stg “ 
max. 200 Cc 
stg ‘ 
T, max. 200 Cc 


j 
{THERMAL CHARACTERISTIC 


: ® ial 0.44 degC/mW 
ELECTRICAL CHARACTERISTICS (T mb = 25°C unless otherwise stated) 
-I CBO Collector cut-off current 
~Vop~5°V, 1,70 2N2907 - 20 nA 
2N2907A - 10 nA 
| Bc sek 1,79, 
Tamb> 150°C 2N2907 ~ 20 BA 
2N2907A ~ 10 vA 
-I CEX Collector-emitter cut-off 
current 
Vop=30V, Wee 0-5V - 50 nA 
I Base current 
BEX 
- = + = - 
Vor 30V, VEE 0,5V 50 nA 
-V (BR)CBO Collector-base breakdown 
voltage 
-I,= Lona, 1,70 60 - Vv 
-V *Collector-emitter breakdown 
(BR)CEO voltage 
“I, =10mA, 1,7? 2N2907 40 - Vv 
2N290TA 60 - Vv 


*Pulse condition, pulse width=300us, duty cycle<2%. 


{J.E.D.E.C. registered data 
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P-N-P SILICON PLANAR 2N2907 


EPITAXIAL TRANSISTORS 2N2907A 
Min. Max. 
-V Emitter-base breakdown voltage 
-'(BRJEBO  _ = ¢ 
1, 10pA, I, 0 5.0 v 
-V CE(sat *Collector-emitter saturation voltage 
) -1,=150mA, 1, =15mA - 0.4 Vv 
“1, =500mA, 1, =50mA - 1.6 Vv 
-V. *Base-emitter saturation voltage 
a c= 150mA, -1,=15mA . 1300COUV 
-1,=500mA, -1,=50mA - 2.6 Vv 
h Static forward current transfer 
FE 
ratio 
-I_ =0.imA, -V,..=10V 2N2907 35 - 
im ne 2N2907A 75 - 
-1,=1.0mA, Vo, “10V 2N2907 50 - 
2N2907A 100 - 
Iq =10mA, Vor =10V 2N2907 75 - 
2N2907A 100 - 
*J = an =. 
1, 150mA, VoE 10V 100 300 
“I, =500mA, Vor =10V 2N2907 30 - 
2N2907A = 550 - 
Cc ob Common base, open circuit 
output capacitance 
~Vop lov, 1,70, f= 100kH2 - 8.0 pF 
Cc, Common base, open circuit 
ib i. ‘ 
input capacitance 
+ = = =: - 
Vor 2.0V, I, 0, £=100kHz 30 pF 
fr Transition frequency 
Vog = 20V, -1,=50mA, £=100MHz 200 - Miz 


*Pulse conditions, pulse width=300uA, duty cycle =2%. 
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Switching characteristics 


Max. 
Turn-on (see fig.1) 
Voo =30V, lag =150mA, a, =15mA 
t 4 Turn-on delay time 10 ns 
t. Rise time 40 ns 
- i + 
a Turn-on time (t ‘d t) 45 us 
Turn-off (see fig. 2) 
- = ee =. aoe =+ = 
Voc 6.0V, Tag 150mA, I, t3aM 15mA 
t, Storage time 80 ns 
te Fall time 30 ns 
ore Turn-off time (t, +t) 100 ns 
TEST CIRCUITS 
-30V 
2000 
4 7 30n F 
pr.t=150p.ps. To oscilloscope 
tr< 2ns tre SNS 
1kn. Zjp=10MO. 
ie) 
~16V 
= Lees Rot 
B6694 


Fig.1 


Test circuit for determining delay, rise and turn-on time 
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P-N-P SILICON PLANAR 2N2907 
EPITAXIAL TRANSISTORS 2N2907A 


+15V BV 


A Z9=502 
Inpu prf=1S5Opps To oscilloscope 
te< 2ns tr < 5ns 
Zjn=10MN 
0 
“6 | 
| lesioed 
3 ; ”  (B665i 


Fig. 2 
Test circuit for determining storage, fall and turn-off time 


WAVEFORMS 


90°%o 


Fig.3 
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PLANAR TRANSISTOR 


N-P-N SILICON 2N3053 


N-P-N silicon planar transistor designed for medium speed, saturated and 
nonsaturated switching applications for industrial service. 


QUICK REFERENCE DATA 


cpo ™*- 
; max. 
max. 
T  =25° 
tot ™*- ( case c) 
T, max. 


hyp U7 150mA, V_,=10V) 


Cc 


f, min. (,=50mA, V/,,,=10V, f=20MHz) 


CE 
OUTLINE AND DIMENSIONS 


Conforming to B,S. 3934 SO-3/SB3-3A 
J,E.D.E.C. TO-5 


Millimetres 

Min. Nom. Max. 
A 9, 10 > 9.39 
B 8.20 - 8.50 
Cc 6.15 = 6.60 
D = 5.08 = 
E 0.71 7 0.86 
Fl = - 0.51 
F2 12.7 - ~ 
F3 38.1 - 41.3 
Gl - = 1.01 
G2 Q.41 - 0.48 
G3 & = 0.53 
H 7 0.4 - 

0.74 = 1.01 


Collector connected to case 
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TRATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vapo max. 60 Vv 
x 
Vo EO max. 40 Vv 
z .0 
VeRO max 5 Vv 
IT. max. ° 700 A 
c ‘ us 
P ot max. Coase 2? C) 5.0 Ww 
Temperature 
min. -65 9 
stg 6 
T max. 200 
stg ‘ 
T; max. 200 


*For 1,70 to 100mA (pulsed), pulse duration=300yus, duty factor = 1.8%: 
0 to 700mA for shorter pulses. 
THERMAL CHARACTERISTIC 


° 
5 d 
Oo ae (above 25 C) 35 egc/W 


fELECTRICAL CHARACTERISTICS opened = 25°C) 
Min. Max. 


I Collector-~emitter cut-off 
current 
Vp 7 60V, -Van71-5V - 0.25 pA 
-I Base current 
Von 60V, “Veg }-5V - 0.25 pA 
Collector-base breakdown 
voltage 
T= 100HA, 1,70 60 - Vv 


VBRycBO 


Vv Emitter-base breakdown voltage 
(BR) EBO _ x _ 
1,,=100HA, 1.,=0 5.0 Vv 
**Collector-emitter breakdown 
voltage 
= = 4 - Vv 
V BR)CEO 1,7 100HA, 1,,=0 0 
= = - Vv 
VBR)CER I, 100mA, Ror 102 50 
**Pulse test, pulse width=300us, duty factor=1.8%. 
tJ. E.D.E.C. registered data. 
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N-P-N SILICON : 
PLANAR TRANSISTOR > 


ELECTRICAL CHARACTERISTICS (cont'd) 


Collector-emitter saturation 
voltage 
Ia =150mA, 1 15mA 


Vo E(sat) 


~-emit urati fo) 
ao fae 
Vv Base-emitter voltage 
Is 150mA, Voge 2-8V 
h Static forward current 
transfer ratio 


1,=150mA, Vag 2-8V 


“TQ =150mA, Vor =10V 
f, Transition frequency 
1, =50mA, Vor™ 10V, f=20MHz 
Cc Output capacitance 
Vop™ 10V, 1,=9, f= 140kHz 
Cc, Input capacitance 


ros = = 
Vip 0.5V, I, 0, f= 140kHz 


** Pulse test, pulse width= 300ys, duty factor = 1.8%. 
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2N3053 


Min. Max. 
- 1.4 v 
- 1.7 Vv 
- L.7 Vv 
25 - 
50 250 
100 ~ MHz 
- 15 pF 
- 80 pF 
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N-P-N SILICON DIFFUSED 
POWER TRANSISTOR 2N3055 


N-P-N silicon diffused power transistor, intended for high quality amp- 
lifiers, power supplies, inverters and similar industrial applications. 


QUICK REFERENCE DATA 


Vopo MX 100 Vv 
Vopr Max: (Ryp = 1009 70 Vv 

Ty max. F 15 A 

P, og max. (T,,$25°C) 115 Ww | 
T, max. 200 °c 

Dag Og=4.0A, Von =4-0V) 20-70 

f, min, (,=1.0A, Vo, =4.0V, f=1.0MHz) 0.8 MHz 


OUTLINE AND DIMENSIONS 


Conforming to B.S. 3934 SO-5B/SB2 -2 
J.E.D.E.C, TO-3 


All dimensions in mm 


Collector connected to envelope 


Accessories available: 56239A (insulating bush), 56201B (mica washer), 
56214 (lead washer) 
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RATINGS 


Limiting values of operation according to the 


absolute maximum system. 


Electrical 
Varo max. 100 Vv 
VorrR max. Ron = 1009 70 v 
VeRo max. 7.0 Vv 
Tn max. 15 A 
i max. 7.0 A 
Pop max (Tp <28°C) 115 Ww 
Temperature 
Tore TAREE -65 to +200 % 
q max. 200 °C 


THERMAL CHARACTERISTIC 


Min. 


1.5 degC/W 


Ren G-mb) 
ELECTRICAL CHARACTERISTICS (1,=25°C unless otherwise stated) 
Collector cut-off current 
en Vog7 30V, p70 - 
logx Vope 100V, “Vig tb - 
logx VeRe oy Vaz 71 5V, 
T,=150 C - 
3 
lop 0 eae oo are ; 
EB ~ ’ ¢ 
Collector-emitter sustaining 
voltage 
Vorowust) 1, 70.2A, 1,=0 60 
VCER(sust) 1,770.24, Rp, 1008 70 
Va rE Base-emitter voltage 


Vv 
reee) voltage 


1,=4.0A, Vop74-0V os 


Collector-emitter saturation 


1,=4.0A, 170.44 = 


1_=10A, I 


Cc 


=3.3A = 


B 


Mullard 


Max. 

0.7 mA 
5.0 mA 
10 mA 
5.0 mA 
- Vv 
* v 
1.8 Vv 
1.1 Vv 
4.0 Vv 
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N-P-N SILICON DIFFUSED 
POWER TRANSISTOR 2N3055 


ELECTRICAL CHARACTERISTICS (cont'd) 


h Static forward current 
FE ‘ 
é transfer ratio 
1,74.0A, Von 4 OV 20 70 
f Transition frequency 


T,=1.0A, Vag 4- OV, 


f=1.0MHz 0.8 ~ MHz 


h Small signal forward 
fe , 
current transfer ratio 


1 1.04, Vop 74-0, 


f=1.0kHz 15 = 
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SILICON V.H.F. N-P-N 2N3375 
POWER TRANSISTORS 2N3553 


2N3632 


The 2N3553, 2N3375, and 2N3632 are silicon power transistors. The 
2N3553 and 2N3375 are designed for v.h.f./u.h.f. application and the 
2N3632 for v.h.f. application in industrial and military transmitting 
equipment. 


QUICK REFERENCE DATA 
2N3553  2N3375 2N3632 
Vcpo max. 65 65 
Voxro max. 40 4” 
low max. 1.5 
Prot max. (Tmp < 25°C) 7.0 11.6 
T; max. (operating) 200 200 


fr typ. 500 500 


Output power 


at Vox = 28V, common emitter 
Pout min. (Pin = 0.25W, f = 175MHz) 2.5 


Pour min. (Pin = 1.0W, f = 100MHz) — 
Pour min. (Pin = 1.0W, f = 400MHz) — 
Pou, min. (Pin = 3.5W, f = 175MHz) — 


OUTLINE AND DIMENSIONS 
For details see page D4. 


2N3553 Conforms to J.E.D.E.C. TO-39, B.S. 3934 SO-3/SB3-3B 
2N3375 and 2N3632 Conform to J.€.D.E.C. TO-60 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


2N3553  2N3375 


Vepo max. 

Vcro max. 

VERO max. 

lo max. 

lom max. 
*Piot max.( Tmp < 25°C) 


Temperature 


Tste 
Tste 


min. 
max. 


Tj max. (operating) 
*See safe operation area curves on pages C1 and C2 


THERMAL CHARACTERISTICS 


0j-mp 
Omb-h 


Omv-n (mounted with top clamping 
washer of accessory 56218) 

O8mp-n (mounted with top clamping 
washer of accessory 56218 and 
a Boron nitride washer for 
electrical insulation) 


ELECTRICAL CHARACTERISTICS (T; = 25°C) 


Visrycno min. 


Viprycex min.** 


Visryceo min.** 


VisryeBo min. 


loko max. 


hre 


Collector-base breakdown 
voltage 
lo = 250uA, Iz = 0 


65 


25 


1.0 


1.2 


65 


Collector-emitter breakdown 


voltage 
lc = 0 to 200mA, 
Ves = 1.5V, Rg = 33Q 


Ic = 0 to 200mA, Ip = 0 


Emitter-base breakdown 
voltage 
Ig = 250uA, Ic = 0 
Collector cut-off current 
Vcr = 30V, lp = 0 
Large signal forward 
current transfer ratio 
lc = 125mA, Veg = 5.0V 
min. 
max. 
lo = 250mA, Vor = 5.0V 
min, 
max. 
Io = 1000mA, Vcr = 5.0V 
min. 
max. 


65 
40 


4.0 
100 


15 
200 


10 
100 


65 


15 
0.6 


65 


65 
40 


4.0 
100 


15 
200 


10 
100 


7.5 
0.6 


65 


**Pulsed through an inductor (25mH); 8 = 0.5; f = 50Hz. 
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degC/W 
degC/W 


degC/W 


degC/W 


pA 
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SILICON V.H.F. N-P-N 2N3375 
POWER TRANSISTORS 2N3553 


2N3632 


ELECTRICAL CHARACTERISTICS (Tj = 25°C) 
2N3553 2N3375 2N3632 


Var Base-Emitter Voltage (max.) 
Io = 250mMA, Ven = 5V 1.5 — — Vv 
le = 500mA, Vcr = 5Vv — 4.5 _ Vv 
lg = 1000mA, Vex = 5V —_ — 1.5 Vv 
Versat) Collector-emitter saturation voltage 
(max.) 
Ie = 250mA, Ix = 50mA 1.0 _ — Vv 
Io = 500mA, In = 100mMA _ 1.0 — Vv 
lo = 1000m<A, |}; = 200mA _ — 1.0 Vv 
fy typ. Transition frequency 
Ver = 28V, Ic = 125mA 500 500 — MHz 
= 500mA — -- 400 MHz 
Cte Collector capacitance 
Ven = 28V, ly = le = 0, f = MHz 
(max.) 10 10 20 pF 
Co Collector-case capacitance (max.) — 6.0 6.0 pF 
Recniey Real part of input impedance 
f = 200MHz, lc = 125mA, 
Von = 28V (max.) 20 20 _— Q 
f = 200MHz, Ic = 250mA, 
Voz = 28V (max.)  — — 20 2 
R.F. Performance 
in un-neutralised common emitter amplifier 
Von = 28V 
Power Power 
Type Freq. out in le nq Circuit 


No, 
2N3553- 175MHz 2.5W <0.25W <180mA >50% fig 2 
2N3375 100MHz 7.5W <1.0W <410mA >65% fig 1 
2N3375 400MHz >3.0W 1.0W 270mA = > 40% fig 3 
2N3632.  175MHz = >13.5W 3.5W 690mA = >70% fig 2 


The transistors can withstand’an output V.S.W.R. of 3:1 varied through 
all phases for the conditions mentioned i n the above table. 
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OUTLINE AND DIMENSIONS FOR 2N3553 
Conforms to J.E.D.E.C. TO-39 
B.S.3934 SO-3/SB3-3B 


Millimetres 

Min. Nom. Max. 
A 8.64 8.9 9.4 
B 7.75 8.15 8.5 
io 6.1 6.36 6.6 
D - 5.08 - 
E 0.71 0.79 0.86 
F 13 = = 
H - 0.4 ~ 
J 0.74 0.85 1.0 


Collector connected to case 


OUTLINE AND DIMENSIONS FOR 2N3375, 2N3632 
Conforms to TO-60 


Millimetres 

Nom. 

A 11.10 

B 3.18 

c 6.86 

¢D 8.38 

oD, 10.92 

D2 5.08 

L 3.81 

oT 0.97 
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SILICON V.H.F. N-P-N 2N3375 
POWER TRANSISTORS 2N3553 


2N3632 


SOLDERING AND WIRING RECOMMENDATIONS (2N3553) 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for a 
maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal, 


4. If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated, flux. 


NOTES (2N3375, 2N3632) 


1. A heatsink thermal resistance of 3degC/W is recommended for operation 
in ambient temperature up to 65°C. 


CAUTION 


This device incorporates Beryllium Oxide, the dust of which is toxic. 
The device is entirely safe provided that it is not dismantled. 

Care should be taken to ensure that all those who may handle, use or 
dispose of this device are aware of its nature and of the necessary safety 
precautions. In particular, it should never be thrown out with general 
industrial or domestic waste. 


DISPOSAL SERVICE 


Devices requiring disposal may be returned to Mullard Service Department. 
They must be separately and securely packed and clearly identified. If 
any are damaged or broken they MUST NOT be sent through the post. 
In this case advice is available from the Service Department. 


Service Department, 
Mullard Limited, 
New Road, 
Mitcham, 
Surrey. 
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COMMON EMITTER TEST CIRCUIT 100MHz 2N3375 


2N3375 


Fig. 1 + 

C; = 3,5~61,5pF air trimmer. 

‘Cy = 3,5~61,5pF air trimmer. 

C3 = 10nF polyester. 

C4 = 429pF air trimmer. 

Cs = 429pF air trimmer. 

Ce = 330pF ceramic. 

C7 = 107F polyester. 


Ly = 2 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 10mm, 
leads: 2x 10mm. 


Le = Ferroxcube choke coil, Z (at 100MHz) = 7002+ 20%. 
Ls = 23 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 6mm. 


La = 5 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 12mm, 
leads: 2x 10mm. 


Ry = 1.35Q carbon. 
Re = 10Q carbon. 
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SILICON V.H.F. N-P-N 2N3375 
POWER TRANSISTORS 2N3553 


2N3632 


COMMON EMITTER TEST CIRCUIT 475MHz 2N3553, 2N3632 


2N3553 
2N3632 


= + 
Fig. 2 

Cr) 
Co = 4-29pF air trimmer. 

3 
Cy 
C; = 10nF polyester. 
Co = 100pF ceramic. 


Ly = 1 turn of 1mm Cu wire, int. diam. 10mm; Leads: 2x 10mm. 
Ly = Ferroxcube choke coil. Z (at 175MHz) = 550024 20%. 
Ly = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam 4mm. 


La = 3 turns of 1.5mm closely wound enamelled Cu wire, int. diam 12mm, 
Leads: 2x 20mm. 


R = 0-20 for 2N3632 and R = 0Q for 2N3553. 


I 


*Emitter of the 2N3632 is connected to case as short as possible. The length of the 
external emitter wire of the 2N3553 is 1.6mm. 
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COMMON EMITTER TEST CIRCUIT 400MHz 2N3375 


2N3375 C4 L4 


Ci = 0.7-6.7pF 
Co = 0.7-6.7pF 
C3 = 0.5-3.5pF 
Cy = 3-19pF 
Cs = 3-19pF 
Ce = 15pF 

Cz = 15pF 

Cs = 4700pF 


Fig. 3 


ceramic trimmer. 
ceramic trimmer. 
ceramic trimmer. 
air trimmer. 

air trimmer. 
ceramic, 

ceramic. 

ceramic, 


Li = 20mm straight Cu wire diam. 1.5mm, spaced 8mm from chassis. 

Le = 17 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3mm. 
Ls = 7 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3mm. 
La = 1 turn of 1.5mm Cu wire, int. diam. 10mm, leads: 2x 5mm. 


R = 0-52, 


*Emitter connected to case as short as possible. 
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SILICON V.H.F. N-P-N 2N3375 
POWER TRANSISTORS 2N3553 


2N3632 


FREQUENCY DOUBLER TEST CIRCUIT 87.5MHz-175MHz 2N3553 


= : + 
Fig. 4 
Cy 
ch = 4-29pF air trimmer. 
Cs 
C4 = 3.5-61.5pF air trimmer. 
Cs = S6pF ceramic. 
Ce = 680pF ceramic. 
Cy = 150pF ceramic. 
Cg = 100pF ceramic. 
Co = 10nF polyester. 
Li = 5 turns of imm Cu wire, winding pitch 1.5mm, int. diam. 6mm, 


Leads: 2x 12mm. 
Le = Ferroxcube choke coil, Z (at 87.5MHz) = 75024 20%. 
Ls = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 4mm. 


L4 = 6 turns of 1mm Cu wire, winding pitch 1.5mm, int. diam. 6mm, 
leads: 2x 12mm. 


Ry = 0-500. 
Re = 100 carbon. 
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PARAMETRIC FREQUENCY TREBLER TEST CIRCUIT 156.7MHz-470MH 


2N3553 
C1 2N3553 7 C8 


= Vec. 


*Tuned to second harmonic frequency. 


Fig. 5 
Ci Cg = 1pF ceramic. 
Cc er Cg = 12pF mi 
Cs 4-29pF air trimmer. Cio = 100pF ceramic Heed through. 
C4 C11 = 1000pF ceramic. 
Cs Cia = 15nF polyester. 
Ce >410.4pF air trimmer. Ry = 2.20 carbon. 
Cy Re = 10Q carbon. 


Ly = 35mm straight Cu wire, diam. 1mm, spaced 5.5mm from chassis. 
Ferroxcube choke coil, Z (at 156,7MHz) = 6000+ 20%. 

Ls = 18mm straight Cu wire, diam. 1mm, spaced 5.5mm from chassis. 

7 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3.5mm. 


Ls = 3 turns of 1mm Cu wire, winding pitch 1.7mm, int. diam. 8.5mm, 
leads: 2x 10mm. 


Le = 2 turns of 1mm Cu wire, winding pitch 1.7mm, int. diam. 7mm, 
leads: 2x 10mm. 


Lz = 40mm straight Cu wire, diam. 1.5mm spaced 5.5mm from chassis. 


i] 
i} 


£ 
ql 


Lg = 1 turn of 1mm Cu wire, int. diam. 7mm, leads: 2x 5mm. 


Performance 
Typical performance at a supply voltage of 28V. 


Po Pi G le n 
(Wy) (Wy (4B) (mA) (%) 
15 027 7.5 125 43 


2.0 0.39 71 156 4% 


The issue of the information contained in this publication does not imply 


any authority or licence for the utilisation of any patented feature. 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS eae 


2N3632 


seealso —* ~ 
T]adjacent grap 
Coo 


maximum allowable to- 


tal power dissipation d zd 


versus mounting base temp. 


YI HH 

() pf rs J see also 11! HH 
a weeen adjacent graph 

staeinaiiel Ht 

snane oH 
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0 
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maximum allowable to- 

tal power dissipation pNeS2 
versus mounting base temp}, = 
FP ae 


Ci PTT 
100 Tmp (°C) 200 0 50 ce Wy 100 


EXPLANATION OF AREAS OF SAFE OPERATION 


Region | Operation is allowed under all base-emitter conditions, provided no 
limiting values are exceeded (d.c. and a.c. operation). 


Region Il Operating is allowed under all base-emitter conditions with fre- 
quencies > 1MHz, provided no limiting values are exceeded, 
Care must be taken to reduce the d.c. adjustment to region | before 
removing the a.c. signal. 
This may be achieved by an appropriate bias in class A, B or C. 


Region {1 Operating during switching-off in this region is allowed, provided the 
transistor is cut-off with -Vpp < 1.5V and Rug > 33, Ic < 400mA 
and the transient energy does not exceed 2mWs. 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 


typical values 2N3553 
Vce=28V ms 
Tmb=25°C 
i) 
naga fe 
10 
5 
Os 
ae 
£2 
9 o, 07; Sy 
0 100 200 300 400 
+ (MHz) 


2N3375 
2N3553 
2N3632 
typical values 2N3375 
Vce=28V fe t 
Tmb=25°C 4 
174 t 
(Ww) +H a 
10 HAP; =2 
195 mt 
4 
75 
05' 
5 
i zi 
Se seneae | 
AsssrsTitiE 
amt 
0 100 200 300 400 
(MHz) 


TYPICAL OUTPUT POWER PLOTTED AGAINST FREQUENCY 


200 


300 f (MHz) 


TYPICAL OUTPUT POWER PLOT- 
TED AGAINST FREQUENCY 
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Te uauee 


: 
Ht rN 
mPeSsesss.' TTA 
Sac ane Ieee: 
CH ttt tl 


400 Ic(mA) 600 75 125 %(°C) 175 


TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST JUNCTION TEMPERATURE 


400| 


200! 


0 05 1 Vpe (¥) 


TYPICAL COLLECTOR CURRENT PLOTTED AGAINST BASE- 
EMITTER VOLTAGE 
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SILICON V.H.F. N-P-N 2N3375 
POWER TRANSISTORS 2N3553 


2N3632 


base current versus 
collector current 
Vog=5V 


1 “0 100 Ta (mA) 1000 


COLLECTOR CURRENT PLOTTED AGAINST BASE CURRENT 
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0 a 
0 200 400 I¢(mA) 600 0 500 1000 I¢ (mA) 


TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER 
RATIO PLOTTED AGAINST COLLECTOR CURRENT 


N3632 BE mA 
400) " mA 
Ic ee 
SS ema 
(mA) segues 6m 
300 qt SmA 
4m A 
200) 
4 3mA 
100) 2mA 
mA 
a 
H 0 : 
0 2 4 Vcetv) 6 0 2 & Voe(V) 6 


COLLECTOR CURRENT PLOTTED AGAINST COLLECTOR- 
EMITTER VOLTAGE WITH BASE CURRENT AS A PARA- 
METER 
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SILICON V.H.F. N-P-N 2N3375 
POWER TRANSISTORS 2N3553 


2N3632 


TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT WITH COLLECTOR-EMITTER VOLT- 
AGE AS A PARAMETER 


0 50 100 Tj (°C) 150 0 20 VcelV 
TYPICAL TRANSITION FRE- OUTPUT POWER PLOTTED 
QUENCY PLOTTED AGAINST AGAINST COLLECTOR-EMITTER 

JUNCTION TEMPERATURE VOLTAGE WITH INPUT POWER 


AS A PARAMETER 
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a H 
Hn 


E 
Ht cease 
Hy } 
Aiseedasieeed eee teat 
Q 


10 20 Vee(V) 30 


OUTPUT POWER PLOTTED AGAINST COLLECTOR-EMITTER 
VOLTAGE WITH INPUT POWER AS A PARAMETER 


CTI = 05w ie 
gcd 
HHH ot 


—Vpe =750mv 


adjusted with Ry 
aunendtuens 


750 —Vpetmv).1 


POWER GAIN, POWER OUTPUT, AND EFFICIENCY CURVES 
PLOTTED AGAINST INPUT POWER AND BASE-EMITTER 
VOLTAGE FOR DOUBLER CIRCUIT ON PAGE D9 
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N-P-N SILICON DIFFUSED 2N3442 
POWER TRANSISTORS 2N4347 


N-P-N silicon diffused power transistors intended for use in a wide variety of linear 
power applications in audio amplifiers, converters, voltage regulators, power 
supplies, etc. 


QUICK REFERENCE DATA 
2N3442 
160 


140 


fe) 
Prot max. (T ab <25°C) 
ee max. 


hog min., IWF 


Unless otherwise stated data are applicable to both types 


OUTLINE AND DIMENSIONS 


Conforms to B.S. 3934 SO-5B /SB2-2 
J.E.D.E.C. TO-3 


All dimensions in mm D581 


Collector connected to envelope 


Accessories available: 56239A (insulating bush), 56201B (mica washer), 56214 (lead washer) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 2N3442 2N4347 
Voso max. 160 140 Vv 
Voro max. 140 120 Vv 
VoER max. Rye 1002) 150 130 Vv 
VeRO max, 7.0 7.0 Vv 
I, max. 10 5.0 A 
: 1 1 
I cM max 5 0 A 
I, max. 7.0 3.0 A 
o 
Prot max. (Tab <25°C) 117 100 WwW 
Temperature 
T -65 to +200 °C 
stg 7 
a max. 200 Cc 
THERMAL CHARACTERISTICS 
Ruy (j-mb) Thermal resistance, junction to 
mounting-base 1.5 1.75 degC/W 
Ru (mb-h) Thermal resistance, mounting~ 


base to heatsink 0.5 degC /W 


Thermal resistance, mounting- 
base to heatsink with accessories 
56201, 56214 0.75 degC /W 


Renqmb-h) 


ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise stated) 
Min. Typ. Max. 


BO ee ce - 50 «1000s A 
E ’ CB 

MCE Ve ee a te 2N3442 - 5.0 1000 HA 
pe: GE ; 

Var }-5V, Vop=l4ov, T= 150°C 2N3442 - 0.1 10 mA 

-Vapo-8V, Vogt 120V 2N3442 - 1.0 - BA 

2N4347 - 5.0 2000 HA 

“Vag 7)-8V, V7 120, T ab 250°C 2N4347 - 0.1 10 mA 

Ip oO asec nag aor _ ie suo ye 
Cc ° ‘EB ; 
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N-P-N SILICON DIFFUSED 2N3442 
POWER TRANSISTORS | 2N4347 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. Typ. Max. 
Vv Collector-emitter breakdown voltage 
Genes I,70-1A, Ry ,= 1009 2N3442 150 - - Vv 
2N4347 130 - = Vv 
Collector-emitter sustaining voltage 
Vv I_=0, 1, =0.2 to3.0A 2N3442 140 = = Vv 
CEOCuR ee 2N4347 120 : : Vv 
Vv -V_,_=1.5V, 1,=0.1to1.5A 2N3442 160 = - Vv 
CES (ue) BE e 2N4347 140 = 7 Vv 
25mH 
vert 
hor. 
Vor Base-emitter voltage (tp =10ms) 
1,=2.0A, Vop 4-0V 2N4347 - 0.95 2.0 v 
1,=3.0A, Vop@4-0V 2N3442 = 1.15 1.7 Vv 
1,75.0A, Vop@4-0V 2N4347 - 1.55 4.0 Vv 
1,=10A, Von 4-0V 2N3442 = 2.8 5.7 Vv 
Vv Collector-emitter saturation 
PE leat) voltage (tp= 16ms) 
1, 72.04, 1,770.24 2N4347 a - 1.0 Vv 
1,=3.0A, 170-34 2N3442 = - 1.0 Vv 
=5, =1. - - , 
I, 5.0A, I, OA 2N4347 5.0 Vv 
1,=10A, 172-04 2N3442 > = 5.0 Vv 
h Static forward current transfer 
FE : = 
ratio (tp= 10ms) 
1,72.0A, Vag 4-OV 2N4347 20 35 70 
1,=3.0A, Vag 4:0V 2N3442 20 25 70 
1,=5.0A, Vag 4-0V 2N4347 7.5 15 - 
1,=10A, Vop *#:9V 2N3442 7.5 10 7 
hee Small signal current gain 
1,=2.0A, Vopr 4-0V 
f=40kHz 2N3442 2.0 9.5 - 
f=1.0kHz 2N3442 12 18 72 
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N-P-N SILICON DIFFUSED 2N3442 
POWER TRANSISTORS 2N4347 
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2N3442 
2N4347 


N-P-N SILICON DIFFUSED 
POWER TRANSISTORS 


02138 
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Til 


IV 


eas 
Lee ET YSN 
4 t—~—_t tN 1 


1 


10 107 Voge{V) 


Region of permissible operation under all base-emitter conditions and at all fre- 
quencies, including d.c. 

Permissible extension for repetitive pulsed operation and non-repetitive pulsed 
operation. For sinusoidal operation care must be taken to reduce the d.c. adjust- 
ment to region I before removing the a.c. signal. This may be achieved by an 
appropriate bias in class A, BorcC. 

Operation during switching off in this region is allowed, provided the transistor 
is cut-off with -Vpp <1.5; Icy <1.5A. 

Operation during switching off is allowed provided the transistor is cut-off with 


Vor <1.5V and the transient energy does not exceed 30mWs. 
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N-P-N SILICON DIFFUSED 2N3442 
POWER TRANSISTORS 2N4347 


Non-repetitive pulsed oper 
in region I 


1 10 107, VcelV) 


I Region of permissible operation under all base-emitter conditions and at all fre- 
quencies, including d.c. 

Il Permissible extension for repetitive pulsed operation and non-repetitive pulsed 
operation. For sinusoidal operation care must be taken to reduce the d.c. adjust- 
ment to region I before removing the a.c. signal. This may be achieved by an 
appropriate bias in class A, Bor C. 

Ill Operation during switching off in this region is allowed, provided the transistor 
is cut-off with -VBE <1.5V; Icom <1.5A. 

IV Operation during switching off is allowed provided the transistor is cut-off with 


Vor <1.5V and the transient energy does not exceed 30mWs. 
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N-P-N SILICON V.H.F. 2N3553 
POWER TRANSISTORS 2N3632 


For details see data sheet for type 2N3375 
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N-CHANNEL SILICON 
FIELD-EFFECT TRANSISTOR 


2N3823 


N-channel, depletion-type, silicon planar epitaxial field-effect transistor 
intended for v.h.f. amplifier and mixer applications in industrial service. 


[ QUICK REFERENCE DATA “I 
Vos max 30 Vv 
-Vass max. 30 Vv 
Ipss “ps7 15V> Vag) 4.0 - 20 mA 
Pp - = 
tot ™* (Tomb 25 C) 300 mW 
C igs MAX: (Vy g=15V, Vqg=0, £=1.0MHz) 2.0 pF 
\Yesl min. Wigs 15V, Vag" f= 200 MHz) 3.2 mmho 
N max. (V).=15V, V4=0, 
f=100MHz, R= 1.0k9 2.5 dB e| 
OUTLINE AND DIMENSIONS 
Conforms to B.S. 3934 SO-12A/SB4-3 
J.E.D.E.C, TO-72 
Millimetres 
Min. Nom. Max 
A 4.53 ~ 4.8 
B 4.66 - 5.33 
C1 - - 0.51 
C2 12.7 - - 
C3 12.7 - 15 
D1 - - 1.01 
D2 0.41 - 0.48 
D3 ~ - 0.53 
E 0.84 - 1.17 
F 0.92 - 1.16 
G = 2.54 - 
H 5.31 - 5.84 
Viewed from underside Connections 
All electrodes are electrically 1. Source 2. Drain 
insulated from the case 3. Gate 4, Case 


JUNE 1968 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vos max. ; 30 Vv 
Vy q max. 30 Vv 
~Vass max. oe 1.0puA, Vns*9 30 Vv 
I G max.. 2 10 mA 
Prot max. (T mb? C) 300 mW 
Temperature 
Te range -65 to +200 : 
q max. 200 Cc 


THERMAL CHARACTERISTICS 


Rin(j-amb) 0.59 degC/mw 


ELECTRICAL CHARACTERISTICS (Tamh7 22 C unless otherwise stated) 


The fourth lead (case) is connected to the source for all measurements. 


Min. Max. 
Static 
a. 5° (Ae 
Gs > “DS i 

“Vag = 20V) Vyg=0, Tymb7 150°C - 0.5 pA 
Ibss poe ee drain current . ae é _ 

DS > “GS < 
(eee i eX 
“Yes oh I ra 1.0 7.5 Vv 

DS > "D . : 
an Se ks a 


*Pulse measurements, pulse width=100ms, duty cycle=10%. 
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N-CHANNEL SILICON 
FIELD-EFFECT TRANSISTOR 2N3823 


ELECTRICAL CHARACTERISTICS (cont'd) 


Small signal y-parameters 


Common source, Vos7 15V, V as =0 
*f=1.0kHz Min. Max. 
esl Transfer admittance 3.5 6.5 mmho 
Yo d Output admittance - 35 pumho 
f=1.0MHz 
as Feedback capacitance - 2.0 pF 
iss Input capacitance - 6.0 pF 
f= 200MHz 
| Veal Transfer admittance 3.2 -  mmho 
Eig Input conductance - 800 pmho 
fog Output conductance - 200 pmho 
Noise 
N Spot noise figure 
£=100MHz, RG 1.0k2, 
Vog= 15V, Ves"? - 2.5 dB 


*Pylse measurements, pulse width=100ms, duty cycle<10%. 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 2N3866 


N-P-N silicon planar epitaxial transistor primarily intended for use in the 
output, driver and pre-driver stages of class A, Bor C amplifiers, fraquency 
multipliers and oscillators of v.h.f. and u.h.f. equipment. 

Encapsulated ina metal TO-39 envelope with the collector connected to the 


case. 

QUICK REFERENCE DATA 
VorR max. 55 Vv 
Voro max. 30 Vv 
I max. 400 mA 
P max. (T___$25°C) 5.0 Ww 

tot case © 

oe max. 200 Cc 
fp typ. (= 25mA, V,,=15V, f= 100MHz) 700 MHz 
Fr. typ. (P.< 100mW, Vor =28V, f=400MHz) 1.0 WwW 
7 min. (P= 1.0w, Vag 28V, f =400MHz) 45 % 


OUTLINES aNvD DIMENSIONS 


Conforms to B.S. 3934 SO-3/SB3-3B 
J.E.D.E.C. TO-39 


Millimetres 
Min Typ. Max 
. A 9,10 - 9.40 
B 8.2 - 8.5 
Cc 6.15 - 6.60 
D - 5.08 - 
E 0.71 - 0.86 
Fl - - 0.51 
F2 12.7 - - 
F3 12.7 - 15 
Gl - - 1.01 
G2 0.41 - 0.48 
G3 - = 0.53 
H 7 0.4 - 
0.74 - 1.01 


Collector connected to case 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vv CBO max. 55 Vv 
VorrR max. Ryp~ 10 55 Vv 
Vv CEO max. 30 Vv 
VeRO max. 3.5 Vv 
a max. 400 mA 
I cM max. F 400 mA 
<= 
Pot MAX Toage=25 CO) 5.0 Ww 
Temperature 
T min -65 be 
stg A 
T max 200 
stg PB 
7 max. 200 Cc 
THERMAL CHARACTERISTICS 
Rr (j-amb) In free air 200 degC/w 
Rencj-case) 35 degC /W 


Rtn(case-h) 


Rn (case-h) 


Mounted with a top clamping 
washer of accessory 56218 


Mounted with a top clampling 
washer of accessory 56218 and 
a boron nitride washer for 
electrical insulation 


1.2 degC/W 


ELECTRICAL CHARACTERISTICS (t,=28°C unless otherwise stated) 


Toro 


V(BR)CBO 


VBR)CER 
VipRycEO 


VpR)EBO 


Min. 


Collector cut-off current 
Vag 28V; 1,79 ~ 
Collector-base breakdown 
voltage 

=] a 
I C OOuA, Il, 0 55 
Collector-emitter breakdown 
voltages 


1,=5.0mA, Roy 102 55 


1,=5.0mA, 1,70 30 
Collector-base breakdown 

voltage 

1,7 100HA, 1,=0 3.5 
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N-P-N SILICON PLANAR : 
EPITAXIAL U.H.F. TRANSISTOR 2N3866 


ELECTRICAL CHARACTERISTICS (cont'd) 


Vv CE (sat) Collector-emitter saturation 
voltage 


I= 100mA, 1,7 20mA - - 1.0 Vv 
h Static forward current 


ae transfer ratio 


= =5.0V 10 - 
In 50mA, Vor 200 


=360mA, V__=5. - = 

Ia CE 5.0V 5 
f, Transition frequency 

1,7 25mA, V_,,715V, 

f= 100MHz - 700 - MHz 
Cc te Collector capacitance 

Von 28V) 1-170, 

f=1.0MHz - - 3.0 pF 


Typical r.f. performance 
V...=28V, T __=25°C 
case 


CE 
f Frequency 100 250 400* MHz 
P Input power 50 100 <100 mW 
I Cc Collector current <107 <107 = =<79 mA 
PS Output power 1.8 1.5 1.0 Ww 
n Efficiency >60 >50 >45 % 


*The transistor can withstand a load mismatch having a v.s.w.r. of 3, 
varied through all phases for conditions as given above (see also test circuit) 
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Common emitter test circuit ((=400MHz) 


“Veg? 28V 
Components 
Cy, Cy. Cc. = 4 to 29pF air trimmers 
C, = 12pF 
Ce = 4to 14pF air trimmer 
Cy = 12nF 
R = 5.62 
R, = 102 
L, = 2 turns of Imm Cu wire, int. dia. 6mm, winding pitch 3mm 
L, = ferroxcube choke coil (Z = 4502 at 250MHz) 
Lys Ly = 6 turns of 0.5mm en. Cu wire, int. dia. 3.5mm (100nH) 
L, = 2 turns of 1mm Cu wire, int. dia. 7mm, winding pitch 2.5mm, leads 
2x 15mm 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 2N3866 


- cr - r Tt 
Prot Pott tt HHT HHH enseee SPECHT rr Pett 
(WW) Pret PE TOEELEEEa ins 
ep 74 Ptot +P) -Polt smal 


5) TA 
co ea Ge coer 
Th a . Es 
[. | On a 50 cm* heatsink 
r 1(e@g. chassis) with a 
2-0 t boron nitride washer [7 
Re ie a =e 4-1-4 at 
PEt art vo 4 He TG 
rt J 4 | . 
| Permissi SEE. oo Be 
oF LHL Hs HE 
fo) 50 100 150 200 Tymb (°C) 


MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


In zm 2N3866 TTT J 
j : mrt rT I ie | 
(mA) 7 ie eae ee - — *r : ci | 4 a a ‘ i f-+ Ee don 


Operation is allowed under all bases 
emitter conditions with f 2 1MHz 
provided no limiting values are 
exceeded. 


uaail 


_ Operation is allowed during switching 
_loff provided the transistor is cut-off 
_ywtth -VapS' 5v Ree > 33N and 

| ithe transient energy < 0:125mWs 


200H4 


ot 


. Operation is aliowed under 
|i all base-emitter conditions 
ey provided no limiting values _ 

are exceeded. 


1 
1 
~ 4-4 


' 

oS eM i Le 

; i nn | 
| 


ie) 20 40 60 Vv 


CE (Vv) 
AREAS OF SAFE OPERATION 


*II_ Care must be taken to reduce the steady state current to region I before 
removing the a.c. signal. This may be achieved by appropriate bias in 
class A, BorcC, 
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Po AY 2n3ee6 [1 H nears 
iw) tH r . 

J ] rH 
2-0} t [ imi rH 


15 


ie) 200 400 600 800 f (MHz) 


TYPICAL VARIATION OF OUTPUT POWER WITH 
FREQUENCY AND INPUT POWER 


Lo 
100 150. Ic (mA) 


Collector capacitance versus Transition frequency versus 
collector-base voltage collector current 
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N-CHANNEL SILICON 
FIELD-EFFECT TRANSISTOR 2N3966 


Silicon n-channel planar epitaxial junction field-effect transistor intended for low 
power switching applications, e.g., in multiplexing systems. 


QUICK REFERENCE DATA 


Drain-source voltage 30 Vv 
Gate-source voltage 30 Vv 
aa ad Oo 

Total power dissipation (Tomb < 25°C) 300 mW 
Drain current Vpg= 20V, Ves*) 2.0 mA 
Gate-source cut-off voltage 
ay = 10nA, Vos" 10V) 4to6 Vv 
Feedback capacitance 

= = =1 . 
(Vyg7 92 Vqg= TV) f= 1MHz) 1.5 pF 
Drain-source 'on' resistance 

= = = Q 
Was 0, In 0, f=1kHz) 220 


OUTLINE AND DIMENSIONS 


Conforms to B,S.3934 SO-12A/SB4-3 


J.E.D.E.C. To-72 \ Insulated electrodes 


12.7 min 


All dimensions in mm 
02967 


*shield lead (connected to case) 


Accessories available: 56246, 56263 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
*Vpg max Drain-source voltage 
Vy Go max Drain-gate voltage (open source) 
-V Gso max Gate-source voltage (open drain) 
I G max. Gate current 
Prot max Total power dissipation (Tom 
Temperature 
7 tg Storage temperature 
fi max. Junction temperature 


THERMAL CHARACTERISTIC 


Rook 
th G- amb) to ambient 


ELECTRICAL CHARACTERISTICS (T= 250C unless otherwise stated) 


= 150°C 


-J Gate cut-off current 
GSS o BS 
Vas 20V, Vos 0 
Inco sc peck oe 
DG >'s 
Voc =a0N., I %, Ath 
I Drain current 
DSS ‘s = 
Vng@ 20V; Vos 0 
~Vepryas Gate-source breakdown voltage 


-1g71-0#A, Vyg=0 


S 


-V Gate-source voltage 
me I,=10nA, V 
D > "DS 
Vos Drain-source voltage 


10V 


In7 1.0mA, Vas" 


Mullard 


< 28°C) 


Thermal resistance from junction 


Min. 


30 


-55 to +200 


30 Vv 

30 Vv 

30 Vv 

10 mA 

300 mW 

ro) 
200 °C 
Oo 

0.59 C/mW 
Max 

0.1 nA 

0.1 nA 

0.2 HA 

- mA 

= Vv 

6.0 v 

0.25 Vv 
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N-CHANNEL SILICON 
FIELD-EFFECT TRANSISTOR 


ELECTRICAL CHARACTERISTICS (contd.) 


In Drain cut-off current 

Vns* 10vV, Vag TV 

Ving LOY, Vag" iV, Ts 
r Drain-source 'on' resistance 
DS(on) i a _ 

Vos 0, Ih 0, f=1kHz 
Cs Input capacitance 

Ving = 20V> Vas"? f=1MHz 
=@. 2 Feedback capacitance 

Vong 9 Vag= TV: f=1MHz 
Switching times 

=1.5 =1.0 
Yop 2pm 
=0, -V =6.0 

Ves(on) , GS(off) oa 
ty Delay time 
t Rise time 
r 
t 7 : 
off Turn-off time 


Test circuit 


Pulse generator: 


1.0 ns 
1.0 ns 
1.0 us 
0.5 

50 Q 


tr 
te 
tp 
d 
Rg 


HAAN 


oA 


Mullard 


2N3966 


Min. Max. 
- 1.0 nA 
= 150°C - 2.0 HA 
- 220 Q 
- 6.0 pF 
- 1.5 pF 
7 20 ns 
- 100 ns 
- 100 ns 


Japa and output waveforms 


Isto 


+ 


Bes. a ott rt 


=I tr San pe ea 
|} 4 ts we | 


Vo 


p2er 


Oscilloscope: 


ty < 10 ns 
R > 5 MQ 
Cj < 10 pF 
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N-CHANNEL SILICON 
FIELD-EFFECT TRANSISTORS 


2N4091 
2N4092 
2N4093 


Silicon n-channel, depletion type, junction field-effect transistors intended for low 
power switching applications. 


QUICK REFERENCE DATA 


Drain-source voltage 


Total power dissipation 


ca 
Drain current 


Wp 20V, V 


Gate-source cut 
(yp =InA, Vig= 


oO 
(Tages 25°C) 


GS 


=0) 


~off voltage 
20V) 


Drain-source 'on' resistance 


My=9 Vag=0. 


{=1kHz) 


Feedback capacitance 


(V. 


DS” GS 


0, -V..,=20V, £=1MHz) 


Turn-off time (Vgg>% Vi. =3V 


(I= 6.6mA, -V 
(L)=4.0mA, -V 
(I= 2.5mA, -V 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO-12A/SB3-6A 
J.E.D.E.C. TO-18 


1.16 
max 


Alt dimensions in mm 


DD 
osm 7 22¥) 

asm 8Y) 
asm °Y) 


Accessories supplied on request: 56246, 56263 


MAY 1971 


) 
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2N4091 2N4092 


40 A0 
1.8 1.8 
30 15 


5to10 2to7 


30 50 
5.0 5.0 
40 = 
= 60 


Unless otherwise stated data are applicable to all types 


} Gate connected to case 


2N4093 
40 Vv 
1.8 Ww 
8.0 mA 
1to5 Vv 
80 g 
5.0 pF 
- ns 
- ns 
80 


0.48 
max 
fs. ————| 
f= Poe 
5.3 A 
max 12.7 min 
02872 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


+ - 
Vos max 


Temperature 


T stg 
q max. 


Drain-source voltage 


Drain-gate voltage (open source) 


Gate-source voltage (open drain) 


Forward gate current (d.c.) 


Total power dissipation 


(T__ < 25°C) 
case- 


Storage temperature 


Junction temperature 


THERMAL CHARACTERISTIC 


Reng-e) 


ELECTRICAL CHARACTERISTICS (To 


bco 


Thermal resistance from junction 


to case in free air 
mb 


Drain current 
Vi... = 20V, T,-0 


DG 
=20V, I1,=0, T 


= re) 
Yong $ ain © 


Source current 
Vg =20V, lL =0 


Drain cut-off current 


Ving 20V> Vag* 12V 


Vos 20V, Vas" 8V 


Yos 


Yos 


T 
a 


=20V, -V.4=6V 


Gs 


=20V, Vast 12V, 


=150° 
fab 150°C 
=20V, -V_.,=8V, 


ES ° 
b 150°C 


=20V, Vag = 8V: 
= ° 
ah 150°C 


Vos 


ly 
am 


Vos 


aD 
a 


Mullard 


2N4091 


2N4092 


2N4093 


2N4091 


2N4092 


2N4093 


40 
40 
40 
10 


1.8 


-65 to +200 
200 


= 25°C unless otherwise stated) 


Min. 


Typ. 


pA 


0.4 pA 


0.4 pA 


0.4 pA 
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N-CHANNEL SILICON 2N4091 
FIELD-EFFECT TRANSISTORS 2N4092 


2N4093 


ELECTRICAL CHARACTERISTICS (contd. ) 


Min. Typ. Max. 


-V Gate-source breakdown voltage 
(BR)GSS i: ie 
-I_=1. : =0 3 7 
I G OA Vy 5 40 Vv 
Iss Drain current (measured under 
pulsed conditions, t <300us, 
d< 0.03) p 
Vig= 20V, V..=90 2N4091 30 - - mA 
Bs a 2N4092 15 ~ - mA 
2N4093 8.0 - - mA 
Vas Gate-source voltage 
Tp7ima, Vg> 20V 2N4091 5.0 - 10 Vv 
2N4092 2.0 - 7.0 V 
2N4093 1.0 - 5.0 V 
Vv Drain-source 'on' voltage 
Daten) I= 6.6mA, Vag~0 2N4091 - - 0.2 V 
1) > 4-0mA, Vas"? 2N4092,- - 0.2 =V 
Ty 2.5mA, Vag" 9 2N4093- - 0.2 V 
TD gon) Drain-source 'on' resistance 
I, =ima, Vas"? 2N4091—- - 30 2 
2N4092 = = 50 2 
2N4093 = = 80 Q 
1,~9: Vag f=1kHz 2N4091—- - 30 Q 
2N4092 = = 50 Q 
2N4093 - 7 80 Q 
y-parameters (common source) 
Vos* 20V, Vas" 0, f=1MHz 
is Input capacitance - - 16 pF 
~C,., Feedback capacitance - - 5.0 pF 
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ELECTRICAL CHARACTERISTICS (contd. ) 


Switching times 


Vpp~ 3: °V: Vag~9 


t ‘d Delay time 

ue Rise time 

r 

t Turn-off time 


Test circuit 


‘7 02892 


Oo 


Pulse generator: 


t < ins 


my 
I 

on 

or] 

te} 


Mullard 


2N4091 2N4092 2N4093 


6.6 4.0 2.5 mA 

= 12 8.0 6.0 Vv 
15 15 20 ns 

10 20 40 ns 

40 60 80 ns 


02874 


Oscilloscope: 
t_ < 0.4ns 
i 

R > 9.8MQ 
Z. < 1.7pF 
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N-P-N SILICON DIFFUSED 
POWER TRANSISTOR 2N4347 


For details see data sheet for type 2N3442 
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N-CHANNEL SILICON 2N4391 
FIELD-EFFECT TRANSISTORS 2N4392 


2N4393 


Silicon n~channel, depletion type, junction field - effect transistors intended for low 
power chopper or switching applications. 


QUICK REFERENCE DATA 
2N4391 2N4392 2N4393 
Drain-source voltage 40 40 40 
Total power dissipation 


ners 25°C) 1.8 1.8 


Drain current 
=20V, Vag) 50 25 


“ps 


Gate-source cut-off voltage 
(i= ina, Vg" 20V) 4tol0 2to5 0.5to3 


Drain-source 'on' resistance 
y= Vgs>9 {£=1kHz) 30 60 


Feedback capacitance 
Vo =0, Vos 12V, £=1MHz) 


Wg % —VagrtV, f= 1MHz) 
Vng@? “Vggs SV; f= 1MHz) 
Turn-~off time (Vag Vpp* LOV) 
(y= 12m, -Vogu = 12V) 

(I, = 6m4, Vasm77¥) 

ql, =3mA, -Vosm =5V) 


Unless otherwise stated data are applicable to all types 


OUTLINE AND DIMENSIONS 
Conforms to BS 3934 SO-12A/SB3~6A 


J.E.D.E.C. TO-18 } cate connected to case 


0.48 
max 
q 4.8 5 
i : max eS 
—_ ae 
5.3 ; 
max 12.7 min 
All dimensions in mm 
02872 


Accessories supplied on request: 56246, 56263 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
WNyg™ g max. Drain-source voltage 40 Vv 
Vp Go max. Drain-gate voltage (open source) 40 Vv 
-V GSO max Gate-source voltage (open drain) 40 Vv 
I, max Gate current 50 mA 
P tot max. Total power dissipation 
Ce: 25°C) 1.8 w 
Temperature 
T. tg Storage temperature ~65 to +200 ° 
a max. Junction temperature 200 g 
THERMAL CHARACTERISTIC 
Ruy (j-c) Thermal resistance from junction 
to case in free air 0.1 C/mW 
ELECTRICAL CHARACTERISTICS (Ta mb> 25°C unless otherwise stated) 
Min. Typ. Max 
“lass pg een saan ; : eee 
GS DS ‘5 . 
“Vggs 20V, Vpg*9 T amb 19 Cc - - 0.2 pA 
"DSK he eee 2N4391 - - 0.1 nA 
DS "Gs 7 
Vong 20V; Vagi iV 2N4392 - - 0.1 nA 
Vpg7 20V> Vag SV 2N4393 - - 0.1 nA 
Vos =20V, . os 12V, 
TT. mb 7250" Cc 2N4391 - - 0.2 pA 
Ving" 20V, Vogt: 
| sag =150°C 2N4392 - - 0.2 pA 
Ve" 20V, vos” 5V, 
sae p= 150° Cc 2N4393 - - 0.2 yA 
loss Drain current (pulse measurement, 
"a 100us, d=0.01) 
Vpg> 20V: Vgs7® 2N4391 50 - 150 mA 
Vpg>20V, om 2N4392 25 - 75 mA 
Vos* 20V, V_. cs” 2N4393 5.0 - 30 mA 
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N-CHANNEL SILICON 2N4391 
FIELD-EFFECT TRANSISTORS 2N4392 


2N4393 


ELECTRICAL CHARACTERISTICS (contd. ) 


Min. Typ. Max. 


-V Gate-source breakdown voltage 
(BR)GSS 7 _ _ 
Ig MA, Vp g=0 40 Vv 
Vv Gate-source 'on' voltage 
GS(on) is a = _ 
1,7imA, Vos 0 1.0 V 
-V (P)GS Gate-source cut-off voltage 
171m, Vyg7? 2N4391 4.0 ~ 10 Vv 
2N4392 2.0 ~ 5.0 V 
2N4393 0.5 ~ 3.0 V 
Vv Drain-source 'on' voltage 
DS(on) T)=12mA, Veg=0 2N4391 = = 0.4 V 
1,7 6mA, Vgg= 2N4392 - - 0.4 +V 
T,73mA, Vas" 2N4393 - - 0.4 +V 
Xs (on) Drain-source 'on' resistance 
Tp=ima, Vag=? 2N4391 = - 30 2 
2N4392 - - 60 2 
2N4393) 0 - - 100 2 
179, Vag"? f=1kHz 2N4391 - - 30 Q 
2N4392 - - 60 2 
2N4393 - - 100 Q 
y-parameters (common source) 
is Input capacitance 
Vpg*20V, Vqg £=1MHz - - 14 pF 
-C.., Feedback capacitance 
Vag Vv, Vpg*% f=1MHz 2N4391 os a3 3.5 pF 
Vagi TV: Vog7 9 f=1MHz 2N4392 = = 3.5 pF 
Vag SV; Vog7 9 f=1MHz 2N4393 0 - - 3.5 pF 
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ELECTRICAL CHARACTERISTICS (contd. ) 
Switching times 
Vop* 10V, Vag" 
2N4391 2N4392 2N4393 


I, = 12 6.0 3.0 mA 

-V Gsm * 12 7.0 5.0 Vv 

t. Rise time max. 5.0 5.0 5.0 ns 

en Turn-on time max. 15 15 15 ns 

te Fall time max. 15 20 30 ns 

tore Turn-off time max. 20 35 50 ns 

Test circuit Input and output waveforms 
| 
| 
0 — 
vi 


02876 


r= 2:8 _ 519 


Pulse generator : Oscilloscope: 
t_ < 0.5ns R, = 502 

r i 

te < 0.5ns 

t_ = 100us 

‘p (1 

d= 0.01 


Mullard 


2N4391-Page 4 


N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 2N4427 


N-P-N silicon planar epitaxial transistor primarily intended for use in the 
output, driver and pre~driver stages of class A, BorC amplifiers, frequency 
multipliers and oscillators of v.h.f. and u.h.f. equipment. 

Encapsulated in a metal TO-39 envelope with the collector connected to the 


case, 

—T 
QUICK REFERENCE DATA 

Vorr max. 40 Vv 

Voro max, 20 Vv 

Ty max. 400 mA 

Po max. (T —_<25°C) 3.5 Ww 

tot case é 

z max, 200 Cc 

fr typ. €,=25mA, Vogt OV, f= 100MHz) 700 MHz 

Po typ. (P.< 100mWw, Vor™ lV, f£=175MHz) 1.0 WwW 

7n min. (P= 1.0w, Vor 12V, f=175MHz) 50 % 


OUTLINE AND DIMENSIONS 


Conforms to B.S, 3934 SO-3/SB3-3B 
J.E.D.E.C. TO-39 


Millimetres 

Min. Typ. Max. 
A 9.10 - 9.40 
B 8.2 * 8.5 
Cc 6.15 - 6.60 
D = 5.08 ~ 
E 0.71 - 0.86 
Fi - ~ 0.51 
F2 12.7 = = 
F3 12.7 - 15 
Gl - - 1.01 
G2 0.41 - 0.48 
G3 - - 0.53 

7 0.4 - 
Jd 0.74 ~ 1.01 


Collector comected to case 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vv max. 


CBO 
CER Max. Ryp= 109 


CEO 


EBO 
max. 


Vv m 

v max. 
Vv max. 
I 

I 


CM max. 


i) 
PLot mae (Coase? . 


Temperature 


Ty 


T, max. 
J 


THERMAL CHARACTERISTICS 


Ru (j-amb) In free air 


Ringecase) 
R 
th(case-h) 


Rin (case-h) 


Mounted with a top clamping 
washer of accessory 56218 


Mounted with a top clamping 
washer of accessory 56218 and 
a boron nitride washer for 
electrical insulation 


1.2 degC /W 


ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise stated) 


I Collector cut-off current 
V_ = 12V, 1,79 


CEO 
CE 


v 
(BR)CRO voltage 


Cc 


Collector-emitter breakdown 


voltages 
VBR)CER 1,=5.0mA, R, 
ViBr)CEO Cc 


v 
(ER)EDO voltage 


I_,=10 =0 
gp 100HA, I 


Cc 


Collector-base breakdown 


T=10 =0 
Ona, li 


Ee 
1,=5.0mA, 1,70 


Collector-base breakdown 


Mullard 


Min. 


40 


40 
20 


2.0 


Typ. 


Max. 


20 BA 
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N-P-N SILICON PLANAR 


EPITAXIAL U.H.F. TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 


Vo E(sat) 


FE 


tc 


Collector-emitter saturation 


voltage 

=10 = 
I Cc OmA, I 20mA 
Static forward current 
transfer ratio 


1,=360mA, VoR75-0V 
Transition frequency 
1,=25mA, Vog lOV, 


f=100MHz 


Collector capacitance 
Vopn™ 12V, I, =1,=9, 
f=1.0MHz 


Typical r.f. performance 


Vv 


CE 


=12V, T 
ca 


=25°C 
se 


f Frequency 


P Input power 


i 


I Cc Collector current 
rs Output power 
n Efficiency 


Min. Typ. Max. 


= - 0.5 
10 7 200 
5 = = 
= 700 - 
- - 4.0 
175* 470 
<100 100 
< 167 67 
1.0 0.4 
>50 50 


2N4427 


MHz 


pF 


mW 
mA 


*The transistor can withstand a load mismatch having a v.s.w.r. of 3, 
varied through all phases for conditions as given above (see also test circuit) 
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Common emitter test circuit (f= 175MHz ) 


Components 

Cy, Co, Ca, Cy = 4 to 29pF air trimmers 

L, = 2 turns of 1mm Cu wire, int. dia. 6mm, winding pitch 2mm, leads 
2x 10mm 

L, = ferroxcube choke coil (Z = 5502 at 175MHz) 

L, = 2 turns of 1mm Cu wire, int. dia. 5mm, winding pitch 2mm, leads 
2X 10mm 

EB. = 


4 3 turns of 1.5mm Cu wire, int. dia. 10mm, winding pitch 2mm, leads 
2x 15mm 


The length of the external emitter wire of the 2N4427 is 1.6mm 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 2N4427 


Prot PTT EET FHT FR T+H anaaez ace 
ww) Eo EEA ea ce th 
Het tee rapa Hated. i ce oa 
QO ea are el LET] Peot =Pac *Fi iaese 
b pitty Tir 
KH T TJ Sia apace ade 
tt. Pritt aad 
ho rite am 
ae es Tr am tH 
4:0 { ia im ! eet 
a5 PE Rtng-ampy 50 deg C/W Ona 50cm? heatsink | 1 
E MSA | (e-g. chassis) with a boron nitride washer ae 
Pecos ee el ia bie hacer Ld bata ysl 
Bena fear is { Tht + ato BEEsaeepeere 
Ce Jae Pe Cee las Peet pee etc 
2-0 FAC PSECU ret ere 
FEA EE th conan Nett HHH HHH EH 4 
OCA RETO Poo Pe ero tr 
SSS TER SEE HEEEEES eee 2g8 BE GUSELEGEEERERGRe 
ppt petite ip td | poppet 7 ; 
|; Permissible area of operation (77 Is < Par ete Cry 
RESUORURTAGERERRODETOGTERRD ES CE EEL SUHeapegmene 
o Sesusaueea coarse eesa cesar aessecseehty.<*Ggcceezece 
‘e) 50 100 150 200 Tamb (°C) 


MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


HEH HH 2N4427 HH esse 


sesrrefete 


|_| Bere 

EEE EEE 
Senn 70 | 
Pir Operation is allowed under all base 
an emitter conditions with f > 1MHz, 


p= H provided no jimiting values are 


exceeded, 


[| 
| | off, provided the transistor is cut-off | | 
a0 with -Vgg $15V, Ree 2 320 and the 


Operation is allowed 
nder all base-emitte 
conditions provided 
no fimiting values 
are exceeded. 


ie] 20 40 60 Vee (v) 


AREAS OF SAFE OPERATION 


*II_ Care must be taken to reduce the steady state current to region I before 
removing the a.c. signal. This may be achieved by appropriate bias in 
class A. Borc. 
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Po q Fias Seas] 
ww) i sure Hy peaidiang ror 
4:5 | 4 L Cit] 
Bee _ CET Teage= 25°C HH 
bt T ct rth 
iat Pj =100 mW LH CT t 
ROUTE “FECHA 
seen : = 50mw + =75mMWetrtty 
HHA H HH TLE 
os ttt yt “| =4omw 
at 7 
HEE Beneueuguae 
[ [ cor C Peer 
i a Perr cr { r ay 
oft a jam Ht +H Ce rt atte 1! i 
° 100 200 300 400 f (MHz) 


TYPICAL VARIATION OF OUTPUT POWER WITH 
FREQUENCY AND INPUT POWER 


Cte 
(pF) 


reEEH 4 
. 


aay 
i 
as ae 
1e 
L 


st 
mie ima 45 
100 150 Ic (ma 


4 
) 


Collector capacitance versus Transition frequency versus 
collector-base voltage collector current 
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N-CHANNEL SILICON 2N 
FIELD-EFFECT TRANSISTORS eee 


to 
2N4861 


Silicon n-channel, depletion type, junction field-effect transistors intended for low 
power chopper or switching applications. 


QUICK REFERENCE DATA 


Drain-source voltage 2N4856 to 2N4858 40 Vv 
2N4859 to 2N4861 


Total power dissipation 
(nb < 25°C) 360 mW 
2N4856 2N4857 2N4858 
2N4859 2N4860 2N4861 
‘DSS ee ame ae = 0) 50 20 
DS > "GS 
- - - 1 
Y(PIGs fe jee yy oy oe 4-10 2-6 
D : > "DS ) 
"Ds(on) max. Drain-source 'on' resistance 
(py =9, Vag" 9 f=1kHz) 25 40 
AG. max. Feedback capacitance 
(Vyg79 “Vag lov, f=1MHz) 8 8 
oft max. Turn-off time 
WVop= 10V, Vas~9) 
1) =20mA, -Vosm™ 10V 25 ~ 
=10 o = = 
Ih mA, -V Gsm 6V 50 
1) =5mA, ~Vogm 4V = ~ 


— 


Unless otherwise stated data are applicable to all types 


OUTLINE AND DIMENSIONS 
Conforms to B.S. 3934 SO-12A/SB3-6A 


J.E.D.E.C. TO-18 } Gate connected to the case 


0.48 
max 
d A —— 
P : max 5 
ee —T 
5.3 : 
max 12.7 min 
All dimensions in mm 
2872 


Accessories supplied on request: 56246; 56263 
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RATINGS 


Limiting values of operation according to the absolute 


maximum system. 


Electrical 
2N4856 2N4859 
2N4857 2N4860 
2N4858 2N4861 
*Vog max Drain-source voltage 40 30 
Vp GO max. Drain-gate voltage (open source) 40 30 
=V Gso max. Gate-source voltage (open drain) 40 30 
I, max. Gate current (d.c.) 50 
Prot max ee eae ts 
amb — 
Temperature 
Te Storage temperature -65 to +200 
a Junction temperature 200 
THERMAL CHARACTERISTICS 
Ren(j-amb) Thermal resistance from junction 
to ambient in free air 0.49 


ELECTRICAL CHARACTERISTICS (Tomb 25°C unless otherwise stated) 


Min. Max. 
“oss ea rag 2N4856 to 2QN4858- 
GS * "DS 
Vag" IV, Vag) 2N4859 to 2N4861 - 
“Vag 20V) Vg70: Tm = 150°C 2N4856 to 2N4858  - 
“Vag™ 1SY, Vos" T mb 180°C 2N4859 to 2N4861 - 
LBV, -Vg=I0V : 0 
Vps7 15V> ~Vgge 10V, T. mb = 150°C - 0. 
Ibs Drain current (pulse measurement, 
t 7 100ms, d<0.1) 
Vogt SV, Vas? 2N4856, 2N4859 50 - 
2N4857, 2N4860 20 100 
2N4858, 2N4861 | 8.0 80 
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Vv 
Vv 
Vv 
mA 
mW 
oO 
fe) 
°o/mw 
25 nA 
25 nA 
5 pA 
5 HA 
25 nA 
5 vA 
mA 
mA 
mA 
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N-CHANNEL SILICON 2N4856 
FIELD-EFFECT TRANSISTORS hs 
2N4861 


ELECTRICAL CHARACTERISTICS (contd.) 


Min Max 
-V Gate-source breakdown voltage 
(Bhs -I_ =A, V_,=0 2N4856 to 2N4858 40 » Vv 
G DS 
2N4859 to 2N4861 30 = Vv 
Vip Gs Gate-source cut-off voltage 
) 1, 70-5nA, Vog7 LV 2N4856, 2N4859 4.0 10 Vv 
2N4857, 2N4860 2.0 6.0 Vv 
2N4858, 2N4861 0.8 4.0 Vv 
V. Drain-source 'on' voltage 
Psion) I. =20mA, V_.=0 2N4856, 2N4859 - 0.75 Vv 
D Gs 
= =0 - 0. 
Ib 10mA, Vas 2N4857, 2N4860 50 Vv 
1,7 5ma, Vas" 2N4858, 2N4861 - 0.50 Vv 
r Drain-source 'on' resistance 
DS(on) _ re 
1,79, Vag f=1kHz 2N4856, 2N4859 - 25 
2N4857, 2N4860 - 40 
2N4858, 2N4861 - 60 
y-parameters (common source) 
- = = =} 
Vas 10V, Vos 0, f=1MHz 
Cs Input capacitance - 18 pF 
-C Feedback capacitance an 8.0 pF 
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ELECTRICAL CHARACTERISTICS (contd.) 


Switching times 
V__=10V, V,,=0 


DD GS 
2N4856 2N4857 2N4858 
2N4859 2N4860 2N4861 
I, = 20 10 5.0 mA 
- = : 4. 

Vosm 10 6.0 0 Vv 
ty Delay time max. 6.0 6.0 10 ns 
t. Rise time max. 3.0 4.0 10 ns 
tore Turn-off time max. 25 50 100 ns 
Test circuit: Input and output waveforms 


D2874 


2N4856 2N4857 2N4859 
2N4859 2N4860 2N4861 


R= 464 953 1910) 2 

Pulse generator: Oscilloscope: 
t = 200ns t <0.75ns 
Pp Le 

t < lns R, > 1 MQ 
ron iS 

t. < lns Cc; < 2.5 pF 
d = 0.02 

Zo = 502 
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ACCESSORIES 


©) 
MII 


ACCESSORIES FOR TRANSISTORS 


Section 1 


PART NUMBER 


56200° 
56207* 
56209* 
56226 
56227 
56263 


56265 


Cooling Clips 


J.E.D.E.C. 


TO-1 
TO-7 
TO-1 
TO-1 
TO-1 
TO-18 
TO-71 
TO-72 


TO-5 

TO-12 
TO-33 
TO-39 


FOR USE ON OUTLINES 


BS 3934 


SO-21/SB3-10 
SO-23/SB4-4 
SO-21/SB3-10 
SO-21/SB3-10 
SO-21/SB3-—10 
$O-12A/SB3-6A 
SO-12A/SB8—-1B 
SO--12A/SB4-3 


S$O-3/SB3-3A 
SO-3/SB4-1 
SO-3/SB4-1 
SO-3/SB3-3B 


PAGE 


NOOK W 


ened wA~S 
wo 


“These devices are supplied on a maintenance basis only, they are not recommended 
for current design 


Section 2 Mounting Accessories 
PART NUMBER DESCRIPTION 


56201A 


56201B 
56239A 
56336A 
56336B 
56214 
56300 


56218 


56245 
56246 
56301B 
56326 
56325 
56338 
56239A 
56239B 


AUGUST 1974 


Insulating bush 


Mica washer 
insulating bush 
Insulating bush (2kV) 
Mica washer (2kV) 
Lead washer 

Steel spacer 


Top and bottom 
clamping washer and 
Mylar washer 


Insulated distance disc 
Insulated distance disc 
Mica washer 

Flat metal washer 
Mica washer 
Insulating bush 
Insulating bush 

Mica washer 


Mullard 


FOR USE ON OUTLINE 


TO-3 3.15mm (thick 
with 56300) 

TO-3 all 

TO-3 1.6mm (medium) 

TO-3 3.15mm (thick) 

TO-3 all 

TO-3 all 


Ss PAGE 
or medium 


TO-3 0.9 or 1.6mm (thin or 


medium) 


TO-33 for non-insulated 


pro TO-39 (and TO-12, 


mounting) 


TO-5, TO-12, TO-33, TO-39 13 


TO-18, TO-72 
TO-126 
TO-126 
TO~220 
TO-220 


— SO-55 (BS 3934) 16 
— SO-55 (BS 3934) 16 
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GENERAL EXPLANATORY ACCESSORIES FOR 
NOTES TRANSISTORS 


All information on thermal resistance of the accessories combined with flat heatsinks 
is valid for square heatsinks of blackened aluminium. 


For a few variations the thermal resistance may be derived as follows: 


a. Rectangular heatsinks (sides a and 2a) 
When mounted with long side horizontal, multiply by 0.95. 
When mounted with short side horizontal, multiply by 1.10. 


b. Unblackened or thicker heatsinks 
Multiply by the factor B given below as a function of the heatsink size A. 


er 
TEE 
ae 


i] 
ff a i _ 
ie —— i oo 
e re a aa il fen 
HH 2 i HH 
= 


- (ern?) one Pade 


90 Bei Hee 
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ACCESSORIES FOR 
TRANSISTORS 56200 


COOLING CLIP 
MECHANICAL DATA (Dimensions in mm) 


Clip material: brass, nickel plated 


THERMAL CHARACTERISTICS 


Rihicase-amh: Thermal resistance case to ambient, 
cooling clip only 100 degC/W 
with heatsink see graph 


0 Cire 
0 20 Alem*)4O 
one side 


MOUNTING INSTRUCTIONS 
Torque on nut for good heat transfer: 5kg cm 


| | M3 bolt 
=! washer 
) ae cooling fin 
I NNAAAANARAAAAANARARAAANY A UAAASARARAARAAARRANANANY) heatsink 


lock washer 


a teal 
0025 ope) nut 
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56207 | ACCESSORIES FOR 


TRANSISTORS 


. COOLING CLIP 
MECHANICAL DATA (Dimensions in mm) 


Clip material: aluminium, blackened 


THERMAL CHARACTERISTICS 


Rin(case-amb) | Thermal resistance case to ambient, 
cooling clip only 60 degC/W 
with heatsink see graph 
0027 


ciw 
amar tesa saszs faest rests 


fv) 20 Alcm?)40 
one side 


MOUNTING INSTRUCTIONS 
Torque on M3 bolts for good heat transfer: 5kg cm 
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ACCESSORIES FOR 
TRANSISTORS 56209 


COOLING CLIP 


MECHANICA’ DATA (Dimensions in mm) 


its} 
0028 re 
Clip material: brass, nickel plated 
THERMAL CHARACTERICTIC 
Riniease-amby Thermal resistance case to ambient, 
cooling clip only 75 degC/W 
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(UII) 


56226 ACCESSORIES FOR 


TRANSISTORS 


COOLING CLIP 


MECHANICAL DATA (Dimensions in mm) 
565 Clip material: brass, nickel plated 


THERMAL CHARACTERISTICS 


Rinicase amb: Thermal resistance case to ambient, 
cooling clip only 100 degC/W 
Rtheea bo30 with heatsink see graph 


(degC/W }}- 


The thermal resistance values apply to each 
transistor, provided the two transistors have 
been mounted so that the heat flow from each 
one is equal. 


0) 20 Alcm?)40 
one side 


MOUNTING INSTRUCTIONS 
Torque on nut for good heat transfer: 5kg cm. 


M3 bolt 


washer 
cooling fin 


I SNANNANAAAAANAAAAANANAAN SiEANNAAAAANAAARARARAAAAANY heatsink 


lock washer 


| oan aepemmemel 
003° ijoape) nut 
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ACCESSORIES FOR 656227 


TRANSISTORS 


COOLING CLIP 
MECHANICAL DATA (Dimensions in mm) 


Clip material: brass, nickel plated 
0032 


THERMAL CHARACTERISTICS 


Rinicase-amb) Thermal resistance case to ambient, 
cooling clip only 100 degC/W 
with heatsink see graph 


fern? )40 
one side 


MOUNTING INSTRUCTIONS 


Torque on nut for good heat transfer: 5kg cm 


TT M3 bolt 
c ——- washer 
cooling fin 
SASS AASASSSSSSSSSSST ESSN ost he ats ink 
——— lock washer 
Doz. (oape) nut 
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ACCESSORIES FOR 
56263 TRANSISTORS 


COOLING CLIP 


MECHANICAL DATA (Dimensions in mm) 


Clip material: copper, tin plated 


THERMAL CHARACTERISTIC 


Rin(ease-umb) Thermal resistance case to ambient 100 degC/W 
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ACCESSORIES FOR 
TRANSISTORS 56265 


COOLING CLIP 
MECHANICAL DATA (Dimensions in mm) 


f | 


Clip material: aluminium, blackened = 


Rtn(case-amp) Thermal resistance case to ambient, 
cooling clip only 
with heatsink 


80 degC/W 
see graph 


b) T M3 bolt 
= 


washer 


cooling fin 
hole 7.5 to 7.7mm 
heatsink 


lock washer 
nut 


Torque on nut for good heat transfer: 5kg cm. 


Mullard 


0038 


Accessories—Page 9 


ACCESSORIES FOR 
2 CO SOIE TRANSISTORS 


56214 
MOUNTING ACCESSORIES FOR 


TO-3 OUTLINE ee 


MECHANICAL DATA (Dimensions in mm) aa 


Ay Jip 
a 
71.5 aoe 


Insulating bush Mica washer 
56201A 56201B 


THERMAL CHARACTERISTIC 


Ren(mb-n) Thermal resistance 
mounting-base to heatsink 1 degC/W 


56214 Lead washer 
MECHANICAL DATA (Dimensions in mm) 


CSS eae acl | 


Section A-A 
THERMAL CHARACTERISTIC 
Reni mp-n) Thermal resistance mounting-base to 
heatsink, with mica washer and lead 
washer 0-75 degC /W 
TEMPERATURE 
Tmax Max. allowable temperature 150 °C 
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TRANSISTORS 


ACCESSORIES FOR 56300 


MOUNTING ACCESSORIES FOR 
TO-3 OUTLINE 


56300 Steel spacer 


4.0 
i 
f 4 . 
A A For use with thin-base 
devices only. 
15 
AL 20 
0042 ' 
Section A-A 


MOUNTING INSTRUCTIONS 


nut [ea 0] 


lock washer —_ 
soldering Tag c==aeme 


nut 


{fi 


lock washer 


lead washer 


mica washer 


holes max4mm 


SSSSSCBSWESSSSSSTTSSSSY «heatsink 


insulating bush 


A 2, 
ll ll M3 bolt 


Torque on nut for good heat transfer: 5kg cm 


Muliard 
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TM | 


AM 


ACCESSORIES FOR 
56218 TRANSISTORS 


MOUNTING ACCESSORIES FOR 
TO-5, TO-12, TO-33, TO-39 OUTLINES 


56218 Top and bottom clamping washers and Mylar washer 


MECHANICAL DATA (Dimensions in mm) 


Top clamping washer Bottom clamping washer 
of insulating material material: brass, tin plated Mylar washer 
THERMAL CHARACTERISTICS 
Ren¢mb-n) Thermal resistance mounting-base to heatsink, 
non-insulated mounting 1 degC/W 
insulated mounting 6 degC/W 
TEMPERATURE 
Tmax Max. allowable temperature 100 °C 
MOUNTING INSTRUCTIONS 
[o ape) [spe] nut 


@ (ae top clamping washer 


@ SSS bottom clamping washer 
@ mylar washer 
SSE STSSSS _hectsink 
hole min7.5mm Non-insulated: without items 2 and 3 
max.7.7 mm 
M26 bolt Note: Item 1 must then be mounted 
047 upside down. 
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ACCESSORIES FOR 
TRANSISTORS 


56245 
56246 


MOUNTING ACCESSORIES FOR 
TO-5, TO-12, TO-33, TO-39 OUTLINES (cont'd) 


56245 Distance disc 
MECHANICAL DATA (Dimensions in mm) 


Insulating material 


0048 


TEMPERATURE 


Tmax Max. allowable temperature 


56246 Distance disc 


Insulating material 


069 


TEMPERATURE 


Tmax Max. allowable temperature 


Mullard 


100 °C 


100 °C 


Accessories—Page 13 


{UM 


56301B ACCESSORIES FOR 
56326 TRANSISTORS 


MOUNTING ACCESSORIES FOR 
TO-126 OUTLINE 


56301B Mica washer 
56326 Steel washer 
MECHANICAL DATA (Dimensions in mm) 


12.7 - 6281 
| 
A y A 


1.6 
0.05 
iy 
God tes al ie J 
Section A-A 06312 3.1 
Mica washer Steel washer 
THERMAL CHARACTERISTICS 
Ren(mb-n) Thermal resistance 
mounting-base to heatsink, 
without insulating material 1 degC/W 
with mica washer (56301B) 4 degC/W 


MOUNTING 
INSTRUCTIONS 


_washer (56326) 
Yo 


_Plastic transistor 


: mica washer (563018) 
~~~—~lock washer 


| nut {hex} 


DOS2is 
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ACCESSORIES FOR 56301B 
TRANSISTORS 56326 


MOUNTING DETAILS 
TO-126 OUTLINE 


METHOD 1 METHOD 2 


Mullard , 
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Milt 


AN 


56239A ACCESSORIES FOR 
56239B TRANSISTORS 


MOUNTING ACCESSORIES FOR 
BS 3934 SO-55B OUTLINE 


MECHANICAL DATA (Dimensions in mm) 


3.5 Lae 
oak 
0059 0.07S20.075 
7. 000 { 


Insulating bush Mica washer 
56239A 562398 


THERMAL CHARACTERISTIC 


Ren¢mpb-n) Thermal resistance mounting-base 
to heatsink 1:5 degC/W 
TEMPERATURE 
T max Max. allowable temperature , 150 °C 


MOUNTING INSTRUCTIONS 


nut ay ap nut 
taal 


lock washer — 
soldering tag mess 


lock washer 


mica washer 


holes max4mm 
SSS ESSIESSSST SSS heatsink 


insulating bush 


Ah O, 
ll ll M3 bott 
Doel Torque on nut for good heat transfer: 5kg cm. 


Mullard 


Accessories—Page 16 


ACCESSORIES FOR 56336A 
TRANSISTORS 56336B 


MOUNTING ACCESSORIES FOR 
TO-3 OUTLINE 


(High Voltage Application, up to 2kV) 


q 


56336A Insulating bush 
56336B Mica washer 


ey 


aa ara 


ub 
D3830 


Dimensions in mm 


THERMAL CHARACTERISTICS 


Rtnymo—hy Thermal resistance, mounting-base to 
heatsink 1°C/W 


The use of a heatsink compound is essential. 
When the mica washer is used, the compound must be applied 
to both sides of the washer. 


Mullard 
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iM 


56325 ACCESSORIES FOR 
56338 TRANSISTORS 


MOUNTING ACCESSORIES FOR TO-220 


> 56325 Mica washer 


MECHANICAL DATA Dimensions in mm 


ee lien 
i : 


THERMAL RESISTANCE 


From mounting base to heatsink Rinimb—h) = 2-5°C/W, 


> 56338 Insulating bush 
MECHANICAL DATA Dimension in mm 


06279 


Mullard 
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ABRIDGED DATA 
FOR EARLIER TYPES 


IH 


UII] 


ABRIDGED DATA FOR EARLIER TYPES 
Abridged data only are given in these tables. Full data for these types are available on request 


GERMANIUM TRANSISTORS 


I. Maximum Ratings Ne at fr Jess at zi Typical 
Type Polarity | Outline Prot min. max. Ic min. max. lo Ig power gain 
No. at 25°C at f 
(mW) (mA) |({MHz) (V) (mA) (mA) dB) (MHz) 
+— : ee 

ACY17 | p-n-p | TO-5 260 150 | 300 1* -—0°35/500 | 25 — — 
ACY18 | p-n-p | TO-5 260 120 | 300 1° ~0°35} 500 } 25 —_— — 
ACY19 | p-n-p | TO-5 260 250 | 300 1-3° | -0-35/ 500 | 25 — —_ 
ACY20 | p-n-p | TO-5 | —-40 | -32 260 145 | 50 1° ~—0:2 50 1:3) — — 
ACY21 p-n-p 250 1:3") 0-2 50 1:3 | — —_ 
ACY22 | p-n-p | TO-5 
ACY39 | p-n-p | TO-5 
ACY40 | p-n-p | TO-5 
ACY41 p-n-p | TO-5 

p-n-p | TO-5 | —50 | —40 

—— + 

p-n-p | TO-36{ ~80 | -60 

p-n-p | TO-36{ -50 | -40/ 20A!/ 15A/ 90 

p-n-p | TO-36] -80 | -60|] 20A] 15A} 90 

p-n-p | TO-7 | -20 | -20} 10 10 | 75 

p-n-p | TO-7 | -20 | ~20; 10 10 | 75 13 100 

p-n-p | TO~7 | -20 | ~-20} 10 25 10:7 

p-n-p 42 0:4 

p-n-p = _ 

p-n-p = = 

n-p-n — 


“typical **hee 


Hi 


Mt 


GERMANIUM TRANSISTORS (cont.) 


Nee at fr | Veesat) at Typical 


Type Polarity |Outiline] Vea | Vce | !em leavy | Ti Prot |min. max. = Ic min. max. Ic lp Power gain 
No. at 25°C at f 
(vy) | () (mA) (mA) | (°C) | (mW) (mA) |(MHz) | (V) (mA) (mA) [2 (MHz) 
ASY29 | n-p-n | TO-5 25| 15} 300 }200 | 85| 150 50** : 10 | 0:2 —_ — 
ASZ21 p-n-p | TO-18| —20 | —15 50 | 30 | 85| 120 [35 . 1:0 —_ — 
oc20 p-n-p | TO-3 |-+100 | —-75 140A} 8A] 90 | 30W4)25 . —_— — — 
oc22 p-n-p | TO-3 | —47 | -32 2A 1A} 90 {22-5Wt/50** . 30 — — 
oc23 ptn-p | TO-3 | -55 | —40 2A 4Al 90 |22:-5W4)/50** : . 30 — — 
———— a a (aaa 
oc24 p-n-p | TO-3 | -47 | -40 2A 1A| 90 |22-5W7|50*" 30 — — 
oc25 p-n-p | TO-3 | —40 | -40 4A 4A| 90 |22:5W4|15"* _ — —_— 
oc41 p-n-p | SO-2 | -16 | -15 150 | 50 | 75| 112 3 — — 
oCc42 p-n-p | SO-2 | -16 | -15 150 | 50 | 75) 112 15 | — — 
oc43 p-n-p | SO-2 | -15 | -15 150 | 50 | 75| 112 7 — —_ 
Qc44 p-n-p | SO-2 | -15 | -15 10 5 |} 75 70 05 | — — 
Oc45 p-n-p | SO-2 | -15| -15 | 10 5 | 75 70 o5; — — 
oc70 p-n-p | SO-2 | -30 | -30 50 | 10} 75| 125 05 | — — 
oc71 p-n-p | SO-2 | -30| —30 | 50 10 | 75) 125 05 | — — 
QC72 p-n-p | SO-z | -32 | -32 250 |125 | 75| 125 — — — 
eee caeeenan eee +——~—— 
oc75 p-n-p | SO-2 | -30 | -30 50 | 10 | 75} 125 05 | — _— 
oc76 p-n-p | SO-2 | -32 | -32 250 1125 | 75| 125 —_ — — 
oc77 p-n-p | SO-2 | —60 | —60 250 |125 | 75) 125 — — — 
O0C139 | n-p-n {| SO-2 20| 20} 250 | 250 | 75| 145 3 — —_ 
OC140 | n-p-n | SO-2 20| 20] 400 |400 | 75] 145 1:2| — — 
0-7 |) — — 
— 25 10 
— 14 100 


“typical “hee +T case S 25°C tT case < 45°C 


SILICON TRANSISTORS 


Type 
No. 


Polarity | Outline 


Maximum Ratings 


Vee(sat) 
max. 


(Vv) 


(mA) (mA) |(ns) (ns) (mA) 


BC146 n-p-n | uw min. 0-1 
BC186 | p-n-p | TO-18 ~0-5 
BC187 | p-n-p | TO-18 ~0:5 
BC200 p-n-p | uw min. —0-2* 
§BCY55 | n-p-n | Block 1:0 
BCZ11 p-n-p | SO-2 | -30 ~0-55 
BD115 | n-p-n | TO-39| 245 9-0 100 10 
BD121 n-p-n | TO-3 60 0-65) 1A /100 
BD123 | n-p-n | TO-3 90 0-651 1A 1100 
BD124 | n-p-n | SO-55} 70 0-50! 2A | 200 
BDY10/ n-p-n | TO-3 50 0-7 
BDY11 | n-p-n | TO~3 | 100 0-7 
BDY60 | n-p-n | TO-3 | 120 0:7 
BDY61 | n-p-n | TO-3 | 100 0:9 
BDY62 n-p-n | TO-3 60 0-9 
Seana aro 
BF115 n-p-n | TO-72; 50 — 
BF167 | n-p-n| TO-72! 40 — 
BF173 n-p-n | TO-72; 40 — 
BF177 n-p-n |} TO-5 | 100} 50] 60 — 
BrI73 | n-p-n | TO-5 | 160 118{ 50 | 50 = 
*typical TTinb S 25°C §Dual transistor 


HH 


at fr Ween at ton tore at 
Type Polarity Ie min. max. c Ip 
No. 
(mA) |\(MHz) (V) (mA) (mA) (ns) (ns) (mA) 
+ 
BF179 n-p-n 20 120° Seal, Sah —_ ie. —| — 
BF182 n-p- — 650* — —_ ae | oe ee as 
BF183 n-p- — | 800° — —! —|—-| -| — 
BF262 n-p- — | 650° — —{| —|—|—-!| — 
BF263 n-p- — | 525 — —}| —|—i -| 
BF264 n-p- — | 400 — —| —|—| —-) — 
BFS18R/ n-p 1-0} 200° —- —| —j—|-| — 
- BFS19R]| n-p 1:0} 260* — eg ee 
BFS92 | p-n 150 70* 50| —| —| — 
BFS93 -n 150 70* —-|—| — 
: sa 
BFS94 p-n-p 150 70* 
BFS95 | p-n-p 150 70* 
BFW16 | n-p-n | TO-5 40 150 \1200* 
BEW17 | n-p-n | TO-5 40 150 |1100* 
BFW45 | n-p-n TO-39} 165 50 80 
Sica SE me 
BFEW57 | n-p-n { Lock-fit! 80 60 100 80 
BFW58 | n-p-n | Lock-fit} 80 60 100 80 
BEW59 | n-p-n | Lock-fit} 40 35 100 80 
BFW6O0 | n-p-n | Lock-fit 40| 35 100 80 
BFW87 | p-n-p | Lock-fit 60 | —60 150 10 
_—t_— 
“typical {Tcase<125°C +T mb = 50°C 


SILICON TRANSISTORS (cont.) 


Maximum Ratings hee at f; Veeisaty at 


ton 
Type Polarity} Outline | Vogo Veco |lem Heavy T; Prot |min. max. Ic min. max. Io Ig 
No. at 25°C 
(V)} (V) mA) |(mA) |(°C)} (mW) (mA) |(MHz)} (V) (mA) (mA) |(ns) (ns) (mA) 
Lock-fit} ~-60} -60 |500 |500 |125| 300 | 40 130] 150 | 100 -0'4 {150 | 15 | 50 | 290! 100 
Lock-fit} -40| ~40 {500 |500 |125| 300 | 80 320 | 150 | 100 ~0°4 | 150 | 15 | 50 | 290/ 100 
Lock-fit} -40} -40 |500 |500 1/125! 300 | 40 120 | 150 | 100 ~0'4 ;150 | 15 | 50 | 2901 100 


Lock-fit} -20] -20 |500 |500 1125} 300 | 40 125*| 150 | 100 -0-4 1150 | 15 | 50 | 290] 100 
Tpack;} 25; 15 | 50 | 25 /125/ 130 | 20! 150 2:0 |1600* 0-75) 20} — }—j] —] — 


70 
BSS28 -p-n | TO-39; 50 
-n} TO-39} 50] 30 
TO-18/ 40; 25 
80 


—— 


BSW69 | n-p-n| Plastic | 150! 150 
BSX12 | n-p-n| TO-39/ 25! 12 
BSX12A| n-p-n | TO-39/ 25] 15 
BSX44 | n-p-n} TO-18} 15 6 


BSX76 
“typical 


TO-18/ 20 
“"Vcer (Rex <10Q) 


tTmp < 25°C 1Tease< 95°C 


1 


| 


SILICON TRANSISTORS (cont.) 


Vcso} Veco 

(V) | (V) | (mA) |(mA) 
P 2 | 
200 


175 
175 
175 


BOROA 


a 


ton tore at 


(ns) (ns) (mA) 


ag 


Noo] SO=NO 


OOF 


INDEX 


INDEX to Book 1 (Parts 1 & 2) 


Part/ Suggested Type Number 
Section | _ alternative 
1B 
1B 


Type Number 


Part/ Suggested 

Section alternative 
1B 
1B 


AC127 BCY70 
AC128/2-AC128 BCY71 
AC128/AC176 1B BCY72 1B 
AC176 1B BCY87/8/9 1B 
AC187 BCZ11 


AC188 


BD115 


ACY17 to 22 BD121/3 BDY92/60 
ACY39 to 41 BD124 
ACY44 BD131/2-BD131 


AD140/2-AD140 BD132 


AD149/2-AD149 
AD161 


BD133 
BD135 to 140 


AD161/2 BD181 to 184 
AD162 BD201 to 204 
ADY26 BD232 


AD211/12 BD233 to 238 


AF114 to 117 BD262/A/B .- 
AFY19 BFX88 BD263/A/B 
ASY26 to 29 BD433 to 438 
ASY67 BCY70 BDX35/6/7 


ASZ20 BCY70 BDX42/3/4 
ASZ21 BDX62/A/B 
ASZ23 BCY70 BDX63/A/B 
BC107/8/9 BDX64/A/B 
BC146 BCW32R BDX65/A/B 


BC147/8/9 BDY10/11 
BC157/8/9 BDY20/2-BDY20 
BC186/7 BCY70 BDY38/2-BDY38 
BC200 BCW30R BDY60/1/2 
BC327/8 BDYS0 to 95 


BC337/8 


BDY96/7/8 


BC547/8/9 BF115 
BC557/8/9 BF167 
BCW29R/30R BF173 
BCW31R to 33R BF177/8/9 


BCWE69R to 72R BF180 


BCX17/18 BF181 
BCX19/20 BF182 
BCX21 BF183 
BCX31 to 34 BF184/5 BF194/5 


BCX35 to 37 BF194 
BCY30/1/2/3/4 BF195 
BCY38/9/40 BF196 
BCY54 BF197 
BCY55 BF200 


*Not recommended for the design of new equipment. 
Full data for these types are available on request. 


Part/ 
Section 


‘ Section alternative 
BFY50/1/2 2B 
BFY53 
BFY90 
BGY22/A 


BGY23/A 


Suggested 
alternative 


BF362/3 


Type Number 


BF245A/B/C 
BF262/3 
BF264 
BF324 
BF336/7/8 


BLX13 
BLX14 
BLX65 
BLX66 
BLX67 


BF355 
BF362/3 
BF450/1 
BFQ10 to 16 
BFR29 


BLX69 
BLX91 
BLX92 
BLX93 
BLX94 


BFR30/1 
BFR63/4 
BFR90 
BFR91 
BFR92 


BLY17 
BLY33/4 
BLY35 
BLY36 
BLY53A 


BFR93 
BFS17R 
BFS18R/19R 
BFS20R 
BFS21/21A 


BLYSS 
BLY83 
BLY84 
BLY85 
BLY89A 


BFS28 
BFS92 to 95 
BFT24 
BFT25 
BFW10/11 


BLY90 
BLY93A 
BLY94 
BLY97 
BRY39 


BSS27/8/9 
BSS40/1 
BSS50/1/2 
BSV22 
BSV52R 


BSV64 
BSV68 
BSV78/9/80 
BSV81 
Bsw4i 
BSW65 


BFW16 
BFW16A 
BFW17 
BFW17A 
BFW30 


BFW45 BSX59 


BFW57/8/9/60 
BFW61 

BFW87 to 91 
BFW92 


BSX21 
BCX32-34 


BFX85 BFR29/BSV81 


BFS17R 


BFW96 
BFX12/13 
BFX29 
BFX30 
BFX34 


BFR29/BSV81 
BCY70 


BSV64 


BFX37 
| BEX63 
BFX84/5/6 
BFX87/8 
BFX89 


BCY70 


BSW66/7/8 
BFR29/BSV81 


BSW69 
BSX12/12A 
BSX19/20 
BSX21 


*Not recommended for the design of new equipment. 
Full data for these types are available on request. 


BSX44 D* 


2N3375 


Type Number Part/ 
Section 
B 


BSX59/60/61 2N3442 
BSX76/7/8 2N3553 
BSX82 BFR29/BSV81| 2n3632 
BSY26/7 BSX19/20 2N3823 


BSY38/9 


2N3866 


BSY40/1 BCY70 2N3966 
BSY95 2N4091 /2/3 
BSY95A 2N4347 
BU126 2N4391 /2/3 


BU133 
BU204/5/6 
BU207/8/9 
Ooc20 
0C22/3/4/5 


2N4427 
2N4856 to 4861 
56200 

56201A 
56201B 


0C26 
0C28/9 


56207 


56209 -° 
0C35/6 56214 
0C41/2/3/4/5 56218 


0C70/1/2 


56226 
0C75/6/7 56227 
0C122/3 56239A 
0C139/40/41 56239B 
0C170/1 56245 


0C200 to 207 
2N1613 


56246 


56263 
2N1711 56265 
2N2297 56300 


2N2369A 
2N2904/4A 


563018 


56325 
56326 


2N2905/5A 
2N2906/6A 


Q2QNQAQN ANAND AN|nD00 9nN00 Q0O0O8 


56336A 
2N2907/7A 56336B 
2N3053 56338 


2N3055 


“Not recommended for the design of new equipment. 
Full data for these types are available on request. 
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